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(57) A method for producing a molded product con- ing by transferring to at least one molding machine in

sisting of a resin polymerized by a melt polycondensation
reaction, comprising continuous feeding of a prepolymer
in molten state from a prepolymer feeding port to a po-
lymerization reactor, discharging from holes of a porous
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supporting substrate under reduced pressure, and mold-

molten state without solidification, wherein transfer pres-
sure to said molding machine is controlled so as to main-
tain at an arbitrary pressure from 0.1 to 100 MPa (abso-
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Description
[Technical Field]

[0001] The present invention relates to a method for producing a molded product consisting of a resin polymerized
by a melt polycondensation reaction.

[Background Art]

[0002] Various polycondensation polymers represented by a polyester resin such as polyethylene terephthalate (here-
inafter abbreviated as "PET") have been noticed as having characteristics such as superior heat resistance and me-
chanical properties and also recently as environmentally friendlly recyclable material and has widely been used as fibers,
magnetic tapes, packaging films, sheets or injection molded products in various applications or preform for producing
beverage containers.

[0003] A hollow product produced by blow molding of preform, in particular, has superior characteristics of such as
light weight, impact resistance and transparency, along with recyclability, by which demand as containers for various
beverage such as carbonated drink or juice, tea and mineral water, or liquid seasoning such as soy sauce, sauce and
salad oil, cosmetic and liquid detergent has rapidly increased and such market will be expected to expand further in the
future.

[0004] These containers require not only to have superior strength, impact resistance and transparency but also not
to affect taste of contents. Therefore, as a polycondensation polymer used, high degree of polymerization, no coloring
and high quality with low content of impurity generated by thermal decomposition such as acetaldehyde, are required.
Furthermore, such a polycondensation polymer is strongly required to be produced industrially stably, in good productivity
and in low cost.

[0005] In case of a hollow product made of a PET resin, preform is produced by injection molding of resin pellets
prepared by solid phase polymerization yielding low coloring and small acetaldehyde content, however, recently as a
low cost production method, such a method has been proposed for producing preform by transferring a PET resin
produced by continuously melt polymerization into a preform molding machine in molten state as it is (see, for example,
patent documents 1 to 16).

[0006] To produce a molded product with stable quality, it is necessary to adjust quality and amount of a molten resin
transferred to a molding machine at constant level. However, methods proposed up to now are not easy to stably maintain
quality of a molded product, because a polycondensation resin represented by a PET resin causes a thermal decom-
position reaction in a long period of residence as molten state, which results in lower quality problems such as, depending
on residence time, accumulation of a decomposed product such as acetaldehyde, decrease in molecular weight and
coloring. In addition to the above, molecular weight may decrease during transferring a resin discharged from a polym-
erization reactor to a molding machine, which may result in variation of melt viscosity and thus transferring amount. The
transferring amount to the molding machine may also be changed due to variation of melt viscosity of a resin discharged
from the polymerization reactor by change in polymerization system before that.

[0007] Methods conventionally proposed have also difficulty in matching "resin producing rate" in a melt polymerization
reactor and "resin molding rate" in a. molding machine. For example, when a molding machine breaks down or a molding
machine is stopped due to cleaning of an oligomer, and the like adhered to a mold, "resin molding rate" in a molding
machine is below "resin producing rate" in a melt polymerization reactor. On the contrary, "resin producing rate" in the
melt polymerization reactor may be below "resin molding rate" in the molding machine when the reaction is stalled in a
polymerization system. As described above, mutual variation of "resin producing rate" and "resin molding rate" results
in variation of resin quality due to change in melt resin residence time at the upper stream than the molding machine.
[0008] Furthermore, an injection molding machine such as a preform molding machine has a problem that flow of a
molten resin received from the melt polymerization reactor is intermittent due to repeated molding of resin metering and
injection cycle which always causes variation of melt resin residence time.

[0009] Patent document 2 discloses a compensation method for the intermittent flow in an injection molding machine
by opening a feed port of a molding machine at specified sequence to substantially make material flow constant during
molding using multiple molding machines in practicing a method for producing the above-described molded product,
however, this patent document does not envision variation of quality or melt viscosity of a resin fed to a molding machine.
As described above, mutual variation of "resin producing rate" and "resin molding rate" results in variation of resin quality.
This method also has a problem of generation of a large quantity of defective products or loss till molded product quality
is stably recovered once failure generates, because complicated exchange system or sequence is required.

[0010] Patent documents 4, 6, 7, 9, 10 and 14 disclose a method for making aldehyde harmless, which is generated
and accumulated in a resin during polymer melt residence in melt polymerization and till cooling and solidification after
melt polymerization and transferring to a molding machine, by the addition of an acetaldehyde scavenger. However, it
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is not effective to a problem of decreasing in resin molecular weight, although useful as measures for acetaldehyde in
case of variation of resin quality and transferring amount of a resin fed to a molding machine and also mutual variation
of "resin producing rate" and "resin molding rate". Furthermore, there is also a problem of worsening resin hue by an
acetaldehyde scavenger itself.

[0011] Even other patent documents among 1 to 16 have not proposed technology at all to eliminate variation of
molded product quality in case of variation of quality and transferring amount of a resin fed to a molding machine and
also mutual variation of "resin producing rate" and "resin molding rate".

[Patent Document 1] JP No. 3,345,250
[Patent Document 2] JP-A-11-508836
[Patent Document 3] JP-A-11-511187
[Patent Document 4] USP No. 5,656,221
[Patent Document 5] JP-A-2000-506199
[Patent Document 6] JP-A-2002-514239
[Patent Document 7] JP-A-2001-516297
[Patent Document 8] WO 98/41559
[Patent Document 9] JP-A-2001-516389
[Patent Document 10] JP-A-2001-517164
[Patent Document 11] JP-A-2000-117819
[Patent Document 12] WO 2004/24577
[Patent Document 13] US-A-2005-29712
[Patent Document 14] DE-A-10356298
[Patent Document 15] JP-A-2005-171081
[Patent Document 16] JP-A-2005-193379

[Disclosure of Invention]

[0012] The object of the present invention is to provide technology which can produce a molded product with stable
quality and weight in time course. The techenology is a method for producing a high quality molded product in low cost
by transferring a resin continuously polymerized by a melt polycondensation reaction, which is easy to adjust quality
and feed amount of a molten resin fed in a molding machine and also easy to adjust them even in case of mutual variation
of "resin producing rate" and "resin molding rate" in molten state as it is.

[0013] We have extensively studied a way to solve the above-described problems and found that melt polycondensation
is possible at low temperature never attained by conventionally known polymerization apparatus in a method for producing
a molded product characterized by continuously polymerizing resin by a melt polycondensation reaction, transferring
polymerized resin in molten state to at least one molding machine, and melt molding. Namely, by using the polymerization
reactor based on novel principle, the prepolymer is continuously fed in molten state from a prepolymer feeding port to
the polymerization reactor, discharging from the holes of a porous plate, followed by polymerization while dropping along
a supporting substrate under reduced pressure.

[0014] As the result, due to small variation of quality and melt viscosity of a molten resin fed to a molding machine,
feed amount and quality of a resin fed to a molding machine can be maintained constant by controlling the transfer
pressure to a molding machine so as to maintain at an arbitrary pressure from 0.1 to 100 MPa (absolute pressure) and
also melt residence time in resin transferring can be shortened by designing smaller volume of a transfer pipeline
(diameter of a pipeline) for a molten resin. In accordance with the present invention, an intermittent flow problem in a
molding machine can be dealt with, without complicated switching system or sequence and resin quality and feed amount
can be adjusted also in using multiple molding machines.

[0015] Because of execution possibility of melt polycondensation at low temperature, which provides small variation
of quality and melt viscosity of a molten resin fed into a molding machine, resin quality and feed amount to multiple
molding machines and/or pelletizers can stably be adjusted also by using a resin feed method to each of separate
molding machine and/or pelletizer by installing at least two discharge pumps at the polymerization reactor of the present
invention.

[0016] Furthermore, it was found that, by installing a transfer pump connected to a pelletizer and/or a discharge nozzle
in addition to a molding machine at the bottom of said polymerization reactor or after the discharge pump of said
polymerization reactor to control output of said transfer pump based on level detection at the bottom of the polymerization
reactor, and thus to maintain polymer melt residence time constant at the bottom of the polymerization reactor, variation
of polymer melt residence time at the bottom of the polymerization reactor can be avoided even in case of mutual variation
of "resin producing rate" and "resin molding rate", and a molded product with stable quality and weight in time course
can be produced.
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[0017] Based on these findings, we have accomplished the present invention.
That is the present invention has the following aspects:
[0018]
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(1) A method for producing a molded product consisting of a resin polymerized by a melt polycondensation reaction,
comprising continuous feeding of a prepolymer in molten state from a prepolymer feeding port to a polymerization
reactor, discharging from holes of a porous plate, followed by polymerization while dropping along a supporting
substrate under reduced pressure, and molding by transferring to at least one molding machine in molten state
without solidification, wherein transfer pressure to said molding machine is controlled so as to maintain at an arbitrary
pressure from 0.1 to 100 MPa (absolute pressure).

(2) A method for producing according to (1), wherein the transfer pressure to the molding machine is controlled so
as to maintain at an arbitrary pressure from 0.1 to 100 MPa (absolute pressure) by controlling the output amount of
a discharging pump of said polymerization reactor.

(3) A method for producing according to (1), wherein the transfer pressure to the molding machine is controlled so
as to maintain at an arbitrary pressure from 0.1 to 100 MPa (absolute pressure) by means of (1) controlling the output
amount of the discharge pump of said polymerization reactor to be 1.0 to 100 times feed amount of the prepolymer
and by means of (Il) returning a resin discharged from the discharge pump to the bottom of said polymerization
reactor, consisting of a pipeline connected to the down stream side of the discharge pump of said polymerization
reactor and the bottom of said polymerization reactor and a system for output pressure detection and opening degree
control of a polymer return valve or a back pressure valve installed at said pipeline.

(4) A method for producing according to any one of (1) to (3), wherein a polymer is transferred to a pelletizer and/or
a discharge nozzle so that polymer melt residence time at the bottom is controlled from 0.1 to 120 minutes by
installing a transfer pump connected to the pelletizer and/or the discharge nozzle in addition to a molding machine
at the bottom of said polymerization reactor or after the discharge pump of said polymerization reactor.

(5) A method for producing a molded product consisting of a resin polymerized by a melt polycondensation reaction,
comprising continuous feeding of the prepolymer in molten state from the prepolymer feeding port to the polymer-
ization reactor, discharging from the holes of the porous plate, polymerization while dropping along the supporting
substrate under reduced pressure, discharging said resin from at least two discharge pumps of said polymerization
reactor, followed by molding by transferring to at least two molding machines and/or pelletizers in molten state
without solidification.

(6) A method for producing according to (5), wherein at least one molding machine and/or pelletizer are connected
to each of the discharge pumps of said polymerization reactor.

(7) A method for producing according to any one of (1) to (6), wherein at least a part of a polycondensation polymer
produced by said melt polycondensation reaction in the amount over the amount to be used in molding or pelletizing
is returned for re-circulation to an arbitrary step among production steps for said polycondensation polymer.

(8) A method for producing a molded product according to any one of (1) to (7), wherein said prepolymer is reacted
with a molecular weight regulator of an arbitrary amount in an arbitrary step before feeding to said polymerization
reactor.

(9) A method for producing a molded product according to any one of (1) to (8), wherein said molded product is at
least one kind selected from preform for bottle molding, films, sheets, containers and fibers.

(10) A method for producing according to any one of (1) to (9), wherein a resin polymerized by said melt polyconden-
sation reaction is a polyester resin.

(11) Apparatus for producing a molded product consisting of a resin polymerized by a melt polycondensation reaction,
comprising continuous feeding of the prepolymer in molten state from the prepolymer feeding port to the polymer-
ization reactor, discharging from the holes of the porous plate, followed by polymerization while dropping along the
supporting substrate under reduced pressure, and molding by transferring to at least one molding machine in molten
state without solidification, wherein the transfer pressure to said molding machine is controlled so as to maintain at
a pressure from 0.1 to 100 MPa (absolute pressure).

(12) Apparatus according to (11), wherein the transfer pressure to the molding machine is controlled so as to maintain
at a pressure from 0.1 to 100 MPa (absolute pressure) by controlling the output amount of the discharging pump of
said polymerization reactor.

(13) Apparatus according to (11), wherein the transfer pressure to the molding machine is controlled so as’ to
maintain at a pressure from 0.1 to 100 MPa (absolute pressure) by means of (l) controlling the output amount of
the discharge pump of said polymerization reactor to be 1.0 to 100 times feed amount of the prepolymer and by
means of (ll) returning a resin discharged from the discharge pump to the bottom of said polymerization reactor,
consisting of a pipeline connected to the down stream side of the discharge pump of said polymerization reactor
and the bottom of said polymerization reactor and the system for output pressure detection and opening degree
control of a polymer return valve or the back pressure valve installed at said pipeline.
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(14) Apparatus according to any one of (11) to (13), wherein a polymer is transferred to the pelletizer and/or the
discharge nozzle so that polymer melt residence time is controlled from 0.1 to 120 minutes by installing the transfer
pump connected to the pelletizer and/or the discharge nozzle in addition to the molding machine at the bottom of
said polymerization reactor or after the discharge pump of said polymerization reactor.

(15) Apparatus for producing a molded product consisting of a resin polymerized by a melt polycondensation reaction,
wherein the prepolymer is continuously fed in molten state from the prepolymer feeding port to the polymerization
reactor, discharged from the holes of the porous plate, polymerized while being dropped along the supporting
substrate under reduced pressure, and the resin is discharged from at least two discharge pumps of said polymer-
ization reactor, subsequently molded by being transferred to at least two molding machines and/or pelletizers in
molten state without solidification.

[0019] By using a method for production in accordance with the present invention, in a method for producing a high
quality molded product in low cost by transferring a resin continuously polymerized by a melt polycondensation reaction
in molten state as it is, it is easy to stably adjust quality and feed amount of a molten resin fed to a molding machine
and also easy to adjust them even in case of mutual variation of "resin producing rate" and "resin molding rate" and a
molded product with stable quality and weight in time course can be produced.

[Best Mode for Carrying Out the Invention]

[0020] Because the present invention uses the polymerization reactor based on novel principle, (A) principle of the
polymerization method, (B) a polycondensation polymer, (C) the polymerization reactor, (D) the polymerization method
and (E) the molding method are specifically explained below in this order.

(A) Principle of the polymerization method:

[0021] A polymerization method in accordance with the present invention is such one as executed by feeding the
prepolymer of a resin polymerizable by a melt polycondensation reaction, in molten state from the prepolymer feeding
port to the polymerization reactor, discharging from the holes of the porous plate, and dropping by gravitational force
along the supporting substrate under reduced pressure or in inert gas atmosphere under reduced pressure.

[0022] As described later, by satisfying suitable conditions on characteristics of prepolymer, structure of the polymer-
ization reactor and the polymerization method, the prepolymer dropping along the supporting substrate can contain
much quantity of foam and shows behavior of rolling downward in the polymerization reactor as foam circular- (mass-)
like resin structure with progress of polymerization.

This result brings about dramatic increase in contact area between the resin and vapor phase stirring effect of resin and
effective removal of the by-product of the polycondensation reaction (in case of PET, ethylene glycol) or impurity gen-
erating by thermal decomposition during polymerization (in case of PET, acetaldehyde)from the prepolymer.

[0023] Thus, a polymerization method in accordance with the present invention has advantages of dramatically higher
polymerization rate compared with conventional melt polymerization technology and production of resin having very few
residue of impurity and high quality at low temperature, which is never attained by conventionally known polymerization
apparatus.

(B) A polycondensation polymer:

[0024] "A resin polymerizable by a melt polycondensation reaction” in the present invention means a polymer having
such structure as at least one kind of a monomer with 2 or more condensable functional groups is bonded through said
functional groups. The above-described monomer may be either one having said functional groups directly bonded to
an aliphatic hydrocarbon group or one having said functional groups directly bonded to an aromatic hydrocarbon group.
[0025] Specific examples of polycondensation resins include polymers having bonded structure of an aliphatic hydro-
carbon group through said functional groups, such as aliphatic polyesters, aliphatic polyamides and aliphatic polycar-
bonates; polymers having bonded structure of an aliphatic hydrocarbon group and an aromatic hydrocarbon group
through said functional groups, such as aliphatic aromatic polyesters, aliphatic aromatic polyamides and aliphatic aromatic
polycarbonates; and polymers having bonded structure of an aromatic hydrocarbon group through said functional groups,
such as aromatic polyesters and aromatic polyamides.

The above-described polycondensation resins may be homopolymers or copolymers. They are also copolymers wherein
different bonds such as ester bonds, amide bonds and carbonate bonds may present in random or block state. Specific
examples of these copolymers include polyester carbonates and polyester amides.

[0026] '"The prepolymer" means a polymer at initial polymerization stage with lower degree of polymerization compared
with a product resin and may include an oligomer or a monomer and one preliminary polymerized to desired degree of
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polymerization using conventionally known apparatus such as a vertical type stirring polymerization reactor, a horizontal
type stirring polymerization reactor with a mono axial or twin axial stirring blade, a natural flowing down type thin film
polymerization reactor with plates, a thin film polymerization reactor with natural flowing down on inclined planes, a
tubular polymerization reactor and a wetted-wall tower.

[0027] Forexample, the prepolymer of a polyester is produced by polycondensation of a compound having a hydroxyl
group and a compound having a carboxyl group or a compound having a lower alcohol ester of a carboxyl group. The
prepolymer of a polyamide is produced by polycondensation of a compound having an amino group and a compound
having a carboxyl group.

The prepolymer of a polycarbonate is produced by polycondensation of a compound having a carbonyl group which
directly bonds to 2 groups such as an aryloxyl group or an alkoxyl group at both terminals and a compound having a
hydroxyl group.

[0028] Typically, for example, the prepolymer of an aliphatic polyester is produced by polycondensation of a monomer
having a hydroxyl group directly bonded to an aliphatic hydrocarbon group of 1 to 30 carbon atoms, such as ethylene
glycol, and a monomer having a carboxyl group directly bonded to an aliphatic hydrocarbon group of 1 to 30 carbon
atoms, such as adipic acid or a monomer having a hydroxyl group and a carboxyl group directly bonded to an aliphatic
hydrocarbon group of 1 to 30 carbon atoms, such as glycolic acid.

[0029] The prepolymer of an aliphatic aromatic polyester is produced by polycondensation of a monomer having a
hydroxyl group directly bonded to an aliphatic hydrocarbon group of 1 to 30 carbon atoms, such as ethylene glycol, 1,3-
propanediol, 1,3-butanediol, 1,4-butanediol, neopentylglycol, 2,6-naphthalenedicarboxylic acid, 1,6-hexamethylene gly-
col, 1,4-cyclohexanediol, and 1,4-cyclohexane dimethanol; and a monomer having a carboxyl group directly bonded to
an aromatic hydrocarbon group of 6 to 30 carbon atoms, such as terephthalic acid, isophthalic acid, oxalic acid, succinic
acid, adipic acid, dodecanedioic acid, fumaric acid, maleic acid, 1,4-cyclohexanedicarboxylic acid, 5-sodiosulfoisoph-
thalic acid, 3,5-dicarboxybenzenesulfonic acid tetramethylphosphonium salt and 1,4-cyclohexanedicarboxylic acid; or
a monomer with such a carboxylic group esterificated by a lower alcohol.

[0030] The prepolymer of an aromatic polyester is produced by polycondensation of a monomer having a hydroxyl
group directly bonded to an aromatic hydrocarbon group of 6 to 30 carbon atoms, such as bisphenol A and a monomer
having a carboxyl group directly bonded to an aromatic hydrocarbon group of 6 to 30 carbon atoms, such as terephthalic
acid.

[0031] The prepolymer of an aliphatic polyamide is produced by polycondensation of a monomer having an amino
group directly bonded to an aliphatic hydrocarbon group of 2 to 30 carbon atoms, such as hexamethylene diamine and
a monomer having a carboxyl group directly bonded to an aliphatic hydrocarbon group of 1 to 30 carbon atoms, such
as adipic acid.

[0032] The prepolymer of an aliphatic aromatic polyamide is produced by polycondensation of a monomer having an
amino group directly bonded to an aliphatic hydrocarbon group of 2 to 30 carbon atoms, such as hexamethylenediamine
and a monomer having a carboxyl group directly bonded to an aromatic hydrocarbon group of 6 to 30 carbon atoms,
such as terephthalic acid.

[0033] The prepolymer of an aromatic polyamide is produced by polycondensation of a monomer having an amino
group directly bonded to an aliphatic hydrocarbon group of 6 to 30 carbon atoms, such as p-phenylenediamine and a
monomer having a carboxyl group directly bonded to an aromatic hydrocarbon group of 6 to 30 carbon atoms, such as
terephthalic acid.

[0034] The prepolymer of an aliphatic polycarbonate is produced by polycondensation of a monomer having a hydroxyl
group directly bonded to an aliphatic hydrocarbon group of 2 to 30 carbon atoms, such as 1,6-hexanediol and a monomer
having a carbonyl group which directly bonds to phenoxyl group at both terminals, such as diphenyl carbonate.

[0035] The prepolymer of an aliphatic aromatic polycarbonate is produced by polycondensation of a monomer having
a hydroxyl group directly bonded to an aliphatic hydrocarbon group of 2 to 30 carbon atoms, such as 1,6-hexanediol
and a monomer having a hydroxyl group directly bonded to an aromatic hydrocarbon group of 6 to 30 carbon atoms,
such as bisphenol A and a monomer having a carbonyl group which directly bonds to phenoxyl group at both terminals,
such as diphenyl carbonate.

[0036] All of these prepolymers include those obtained by copolymerization in advance of a polyalkylene glycol such
as polyethylene glycol, polypropylene glycol and polytetramethylene glycol.

On a specific method for producing the above-described prepolymers, for example, "Polymer Synthesis, vol.1, second
edition", 1992 (US, published by Academic Press, Inc.) can be seen as reference.

[0037] Degree of polymerization of the prepolymer suitable to the present invention can be specified by melt viscosity
when evaluated under the condition of shear rate of 1000 (sec™!) at temperature to execute polymerization in the po-
lymerization reactor of the present invention. The preferable range is 60 to 100000 (poise). By controlling at 60 (poise)
or higher, fierce foaming and scattering of the prepolymer discharged from the holes of the porous plate of the polym-
erization reactor can be suppressed and by controlling at 100000 (poise) or lower, by-products can efficiently be removed
outside the system and thus polymerization progresses rapidly. Degree of polymerization of the prepolymer of the present
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invention is more preferably in the range of 100 to 50000 (poise), further preferably in the range of 200 to 10000 (poise)
and particularly preferably in the range of 300 to 5000 (poise). Reason for the prepolymer with such relatively high
viscosity is preferable in the present invention is to execute polymerization of a resin in the state of containing much
quantity of foam as described-above and thus polymerization rate increases significantly.

(C) The polymerization reactor:

[0038] The polymerization reactor of the present invention is apparatus characterized by feeding the above-described
prepolymer in molten state to the polymerization reactor, discharging from the holes of the porous plate, followed by
melt polycondensation while dropping along the supporting substrate under reduced pressure or in inert gas atmosphere
under reduced pressure.

(C-1) The porous plate:

[0039] The porous plate is a plate-like substrate with multiple through holes. By using the porous plate, drift of the
prepolymer can be suppressed and also local residence in the reactor can be prevented and thus a high quality and
homogeneous resin can be produced.

[0040] As for structure of the porous plate, thickness is not especially limited, however, it is usually in the range of
0.1 to 300 mm, preferably in the range of 1 to 200 mm, further preferably in the range of 5 to 150 mm. The porous plate
must endure against pressure of a feeding room of the melt prepolymer and also, when the supporting substrate of the
polymerization room is fixed to the porous plate, it must have strength enough to support weights of the supporting
substrate and the prepolymer dropping and reinforcement by a rib, and the like is also preferable.

Shape of holes of the porous plate is usually selected from such as circle, oval, triangle, slit, polygon and star shapes.
Cross-sectional area of the hole is usually in the range of 0.01 to 100 cmZ2, preferably in the range of 0.05 to 10 cm?2 and
particularly preferably in the range of 0.1 to 5 cm2. Itis also included to install a nozzle, and the like connected to the hole.
Distance between the holes is usually, as distance between the centers, 1 to 500 mm, preferably 10 to 100 mm. The
holes of the porous plate may be through-holes or may be tubes attached to the porous plate. They may be in taper-
like. It is preferable to determine hole size and shape so that pressure loss when the prepolymer passes through the
porous plate is 0.1 to 50 kg/cm?2.

Number of holes of the porous plate is not especially limited and depends on conditions such as reaction temperature
or pressure, catalyst amount and molecular weight range to be polymerized, however, it is usually necessary to be, in
producing a polymer at 100 kg/hr, 10 to 103, more preferably 50 to 104 and further preferably 102 to 103.

As the porous plate material, metal material is usually preferable, such as stainless steel, carbon steel, Hastelloy, nickel,
titanium, chromium and other alloys.

[0041] A method for discharging the prepolymer through such a porous plate includes a method for dropping by liquid
head or own weight, a method for extrusion by pressurization using a pump, and the like, however, it is preferable to
extrude out using a pump with weighing ability such as a gear pump to suppress variation of the amount of the prepolymer
to be dropped.

[0042] It is preferable to install a filter in flow passage at the upstream side of the porous plate. By using the filter,
foreign matters to clog the holes of the porous plate can be removed. Kinds of the filter can be selected, as appropriate,
so as to remove foreign matters larger than hole diameter of the porous plate and not to fracture by passing through of
the prepolymer.

(C-2) The supporting substrate:

[0043] The prepolymer discharged from the holes of the porous plate drops along the supporting substrate. Typical

structure of the supporting substrate includes "wire-like", "chain-like" combined with wire-like material or "lattice-like
(metal net-like", " stereo lattice-like" with wire-like material connected just like a jangle gym, "thin plate-like" with flat
surface or curvature and "porous plate-like" structure. In addition to these, to efficiently draw out reaction by-products
orimpurities generated by thermal decomposition during polymerization, active stirring and surface renewal are preferable
by increasing surface area of a resin to be dropped, along with by dropping the prepolymer along the supporting substrate
with ruggedness for drop direction. The supporting substrate with structure to interrupt resin dropping such as "wire-like
structure with ruggedness for resin drop direction" is also preferable. Combination of these supporting substrates can
also be used.

[0044] A "Wire-like" substrate represents material with very large ratio between average length of peripheral of the
cross-section and length in direction perpendicular to said cross-section. The cross-sectional area is not especially
limited, however, it is usually in the range of 10-3 to 102 cm2, preferable in the range of 10-3 to 101 cm?2 and particularly
preferable in the range of 102 to 1 cm?2. Shape of the cross-section is not especially limited, however, it is usually selected
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from such as circler-like, oval-like, triangle-like, quadrangle-like, polygon-like and star-like shapes. The cross-sectional
shape includes any of the same or different one in length direction. Wires with hollow part are also included. A single
wire type or a multiply combined wire by a method for twisting, and the like is also included. Wires with smooth or rugged
surface or partial protrusions are also included.

[0045] "Chain-like" substrate represents material with rings made of the above-described wire-like material connected.
Ring shape includes such as circle, oval, rectangle and square. A method for connecting includes 1-dimensional, 2-
dimensional and 3-dimensional ones.

[0046] 'Lattice-like (metal net-like)" substrate represents the above-described wire-like material combined in lattice
state. Wires to be combined include linear ones or curved ones and angle to be combined can arbitrarily selected. Area
ratio between material and space when "lattice-like (metal net-like)" material is projected from vertical direction for the
surface is not especially limited, however, it is usually in the range of 1:0.5 to 1:1000, preferably in the range of 1:1 to
1:500 and particularly preferably in the range of 1:5 to 1:100. The area ratio is preferably the same in horizontal direction,
while in vertical direction it may be the same or the space ratio is preferably larger in lower part.

[0047] "Stereo lattice-like" substrate represents wire-like material stereoscopically combined just like a jangle gym in
3D lattice. Wires to be combined includes linear one or curved one and angle to be combined can arbitrarily selected.
[0048] "Wire-like structure with ruggedness for polymer drop direction" substrate represents wires attached with rods
having circular or polygonal cross-section in right angle or wires attached with disk-like or cylinder-like substance. Step
difference of the ruggedness is preferably not smaller than 5 mm. A typical example includes a wire with disks, through
which the wire is penetrating, and the disks have diameter larger than wire diameter by not less than 5 mm but not larger
than 100 mm and thickness of 1 to 50 mm, and attached in space of 1 to 500 mm distance.

[0049] Volume ratio between the supporting substrate installed in a reactor and space in the reactor is not especially
limited, however, it is usually in the range of 1:0.5 to 1 : 107 preferably in the range of 1:10 to 1 : 108 and particularly
preferably in the range of 1:50 to 1 : 105. The volume ratio between the supporting substrate and space in the reactor
is preferably the same in horizontal direction, while in vertical direction it may be the same or the space volume ratio in
the reactor is preferably larger in lower part.

[0050] Whetherasingle supporting substrate is installed or multiple supporting substrates are installed can be selected,
as appropriate, depending on the shape. The "wire-like" or "chain-like" supporting substrate is usually installed by 1 to
105 pieces, preferably 3 to 104 pieces. The "lattice-like" or "chain-like connected in two dimension”, "thin plate-like" and
"porous plate-like" supporting substrates are usually installed by 1 to 104 pieces, preferably 2 to 103 pieces. The "stereo
lattice-like" and "chain-like connected in three dimension" supporting substrates can be installed in single or multiple in
divisions, as appropriate, by consideration of apparatus size or installment space.

[0051] When multiple supporting substrates are installed, it is preferable that they are separated not to contact each
other by using spacers, as appropriate.

[0052] Material of the supporting substrate is not especially limited, however, it is usually selected from such as
stainless steel, carbon steel, Hastelloy and titanium. Wires after various surface treatments such as plating, lining,
passive treatment and acid cleaning are also included.

[0053] In the present invention, the prepolymer is usually fed from one or more holes of the porous plate based on
one supporting substrate, however, number of holes can be selected, as appropriate, depending on shape of the sup-
porting substrate. The prepolymer may also be dropped along multiple supporting substrates after passing through one
hole.

[0054] Location of the supporting substrate is not especially limited, as long as the prepolymer can drop along the
supporting substrate and an attachment way of the supporting substrate to the porous plate can be selected, as appro-
priate, from a case where it is installed by penetrating the hole of the porous plate and a case where it is installed by
not penetrating the hole of the porous plate but beneath the hole of the porous plate.

[0055] Height for dropping the prepolymer along the supporting substrate after passing through the hole is preferably
in the range of 0.5 to 50 m, preferably in the range of 1 to 20 m and more preferably in the range of 2 to 10 m.

(C-3) Heating apparatus:

[0056] Polymerization temperature can suitably be set by controlling temperature of a heater or a heat media jacket
arranged at wall surface of the polymerization reactor covering the supporting substrate or by putting a heater or heat
media inside the supporting substrate to control these temperatures.

(C-4) Pressure reducing apparatus:

[0057] Degree of reduced pressure in the polymerization reactor can suitably be set by connecting an exhaust port

for decompression installed at arbitrary place of the polymerization reactor to a vacuum line to control degree of reduced
pressure.
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From the exhaust port for decompression, polymerization by-products, impurities generating by thermal decomposition
during polymerization and inert gas optionally introduced into the polymerization reactor are discharged.

(C-5) Inert gas feeding apparatus:

[0058] Toexecuteareaction ininertgas atmosphere under reduced pressure, and when inert gas is directly introduced
into the polymerization reactor, it can be fed from an introduction port installed at arbitrary position of the polymerization
reactor. Position of the inert gas introduction port is preferably far from the porous plate and near a resin drawn out port.
It is also preferable that it is apart from the exhaust port for decompression.

[0059] A method for absorbing and/or containing inert gas to the prepolymer in advance is also possible, and in this
case, inert gas feeding apparatus is additionally installed at the upstream of the polymerization reactor of the present
invention.

[0060] As for inert gas feeding apparatus, a method for using known absorption apparatus such as a packed column
type absorption apparatus, a plate type absorption apparatus and a spray tower type absorption apparatus described,
forexample, in"Chemical Apparatus Design and Operation" series, No. 2, revised, "Gas Absorption", P.49 to 54 (published
15, March, 1981 from Chemical Industry Co., Ltd.) or a method for injection of inert gas into a pipeline for transferring
the prepolymer is included. Most preferable method is using apparatus for absorption of inert gas while dropping the
prepolymer along the supporting substrate in inert gas atmosphere. In this method, inert gas with higher pressure than
that in the polymerization reactor is introduced inside apparatus for inert gas absorption. Pressure here is preferably
0.01 to 1 MPa, more preferably 0.05 to 0.5 MPa and further preferably 0.1 to 0.2 MPa.

(D) The polymerization method:

[0061] We have found that by polymerization of the prepolymer with melt viscosity in the range described above, using
the above-described polymerization reactor, under the range of polymerization temperature and degree of reduced
pressure as described later, scattering of the prepolymer by fierce foaming just under the porous plate is suppressed
and resin quality deterioration by contamination at nozzle surface or wall surface of the polymerization reactor is also
suppressed and surprisingly observed phenomena of "increased resin surface area" by inclusion of much quantity of
foam in the resin dropping along the supporting substrate and "rolling down of the resin in circular foam on the supporting
substrate". At the same time, it was confirmed dramatic increase in polymerization rate and improvement of resin hue.
[0062] Dramatic increase in polymerization rate is considered to be brought about by composite action of increasing
effect of resin surface area by inclusion of much quantity of foam and surface area renewal effect by plasticization action
of foam. The plasticization action of foam makes possible improvement of resin hue by shortening of resin residence
time inside the polymerization reactor and easy drawing out of a high viscosity resin after polymerization to high degree,
from the polymerization reactor.

[0063] Melt thin film polymerization apparatus of a dropping type by gravitational force such as a conventional wetted-
wall tower, to obtain a high quality resin with high degree of polymerization, aims at polymerization of the prepolymer
with small coloring degree obtained at early reaction stage and far lower degree of polymerization compared with a
method of the present invention, at higher temperature and in shorter residence time compared with the present invention.
Based on conventional common sense, subsequent melt polymerization of the prepolymer with high degree of polym-
erization and high melt viscosity as in a method of the present invention has been considered to result in significant
progress of coloring and excessively longer residence time during dropping in the polymerization reactor, and thus
production of a high quality resin was never thought of.

[0064] On the contrary, in the present invention, as described above, by setting melt viscosity range of the prepolymer
at higher level against conventional common sense or farther, as explained later, by setting polymerization temperature
at lower level against conventional common sense, it was found that resin foaming state can be controlled and polym-
erization rate can significantly be enhanced in spite of the low temperature and surprising effect that a resin with high
degree of polymerization can easily be drawn out.

(D-1) Polymerization temperature:

[0065] Polycondensation reaction temperature is preferably not lower than a temperature lower than crystal melting
point by 10°C of a polycondensation resin and not higher than a temperature higher than crystal melting point by 60°C.
By setting the temperature not lower than a temperature lower than crystal melting point by 10°C, solidification of reaction
products or lengthening of reaction time can be suppressed and by setting temperature not higher than a temperature
higher than crystal melting point by 60°C, thermal decomposition can be suppressed and a resin with superior hue can
be produced. This temperature is more preferably not lower than a temperature lower than crystal melting point by 5°C
and not higher than a temperature higher than crystal melting point by 40°C, and further preferably not lower than crystal
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melting point and not higher than a temperature higher than crystal melting point by 30°C. Reasons for preference of
such relatively low reaction temperature in the present invention are easy inclusion of much quantity of foam by a resin
and possibility of dramatic increase in polymerization rate.

[0066] "Crystal melting point" here is peak temperature of an endothermic peak derived from crystal melting, when
measured under the following conditions, using "Pyris 1 DSC" from Perkin ElImer Co., Ltd. (input compensation type
differential scanning calorimeter). The peak temperature was determined using attached analysis software.
Measurement temperature: 0 to 300°C

Temperature rising rate: 10°C/min.

(D-2) Polymerization pressure:

[0067] The melt polycondensation reaction of the present invention must be carried out under reduced pressure to
secure resin state containing much quantity of foam. Degree of reduced pressure is adjusted, as appropriate, in response
to sublimation state of the prepolymer or polycondensation reaction products or reaction rate. Degree of reduced pressure
is preferably not higher than 50000 Pa, more preferably not higher than 10000 Pa, further preferably not higher than
1000 Pa and particularly preferably not higher than 500 Pa. The lower limit is not especially limited, however, it is
preferably not lower than 0.1 Pa in view of scale of apparatus for creating reduced pressure inside the polymerization
reactor.

[0068] It is also a preferable method that by introducing small amount of inert gas not adversely affecting a poly-
condensation reaction into the polymerization reactor, polymerization by-products or impurities generating by thermal
decomposition during polymerization are removed with the gas.

[0069] Introduction of inert gas into the polymerization reactor has conventionally been understood to advantageously
progress a reaction by reducing partial pressure of polymerization by-products and shifting equilibrium. However, inert
gas introduced in the present invention is sufficient in very small amount and thus the increasing effect of polymerization
rate due to partial pressure reduction effect is little expected and thus the role of inert gas cannot be explained based
on conventional understanding.

[0070] As the result of investigation by us, it was astonishingly observed that by introduction of inert gas into the
polymerization reactor, foaming phenomenon of the prepolymer dropping along the supporting substrate in molten state
became fierce which dramatically increase surface area of said prepolymer and provides very good surface renewal
state. The reason is not certain, however, this change in inner and surface states of this prepolymer is estimated to
cause dramatic enhancement of polymerization rate.

[0071] Inertgastobeintroduced is preferably such gas as not badly influencing a resin such as coloring, metamorphism
and decomposition and includes nitrogen, argon, helium, carbon dioxide or lower hydrocarbon gas and mixture gas
thereof. As the inert gas, nitrogen, argon, helium and carbon dioxide are preferable and nitrogen is particularly preferable
among them in view of easy availability.

[0072] Very small introduction amount of the inert gas is sufficient in the present invention such as preferably 0.05 to
100 mg based on 1 g of a resin to be drawn out from the polymerization reactor. By setting the amount of the inert gas
to not lower than 0.05 mg based on 1 g of a resin to be drawn out, resin foaming becomes sufficient and the increasing
effect of the degree of polymerization becomes high. While, by setting at not higher than 100 mg, it becomes easy to
increase degree of reduced pressure. The amount of the inert gas is more preferably 0.1 to 50 mg based on 1 g of a
resin to be drawn out and particularly preferably 0.2 to 10 mg.

[0073] A method for introduction of the inert gas includes a direct introducing method into the polymerization reactor,
an introduction method into the polymerization reactor, by absorption and/or inclusion of the inert gas beforehand into
the prepolymer and releasing said absorbed and/or included gas from the prepolymer under reduced pressure and a
combined method thereof. "Absorption" here means a case wherein the inert gas is dissolved in a resin and not present
as air bubbles, whereas "inclusion" means presence as air bubbles. In case of presence as air bubbles, size of the air
bubbles is preferably as small as possible, and average diameter of the air bubbles is preferably not larger than 5 mm
and more preferably not larger than 2 mm.

(D-3) Polymerization time:

[0074] Polymerization time is total of time required for a resin to drop along the supporting substrate and residence
time at the bottom of the polymerization reactor and preferably in the range of 10 seconds to 100 hours, more preferably
in the range of 1 minute to 10 hours, further preferably in the range of 5 minutes to 5 hours, particularly preferably in the
range of 20 minutes to 3 hours and most preferably in the range of 30 minutes to 2 hours.

[0075] In the present invention, to suppress thermal decomposition in such as the bottom part of the polymerization
reactor or a draw out pipeline, it is preferable to shorten residence time in these areas.
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(D-4) Polymerization rate:

[0076] Polymerization ability of the polymerization reactor of the present invention has features, such as, in case of
using the wire-like supporting substrate, increase in proportion to numbers of the substrate installed inside the polym-
erization reactor and easy design for scale up.

[0077] In case of using the wire-like supporting substrate, flow rate of the prepolymer per substrate is preferably 10-2
to 102L/hrand by setting the flow rate within this range, sufficient production ability can be secured and also polymerization
rate can dramatically be enhanced. More preferably, the flow rate is in the range of 0.1 to 50 L/hr.

[0078] In case of adopting the supporting substrate by combination of wires such as the lattice-like (metal net-like)
substrate, the flow rate is preferably 10-2 to 102 L/hr per wire structure in vertical direction composing the supporting
substrate, more preferably in the range of 0.1 to 50 L/hr.

[0079] In case of adopting the supporting substrate without structure by combining wires, such as the thin plate-like
substrate, the flow rate is preferably 10-2to 102 L/hr per hole of the porous plate feeding the prepolymer into the supporting
substrate, more preferably in the range of 0.1 to 50 L/hr.

(D-5) Molecular weight regulator:

[0080] In the present invention, if necessary, in arbitrary step before feeding the prepolymer into the polymerization
reactor of the present invention, the prepolymer can be reacted with a molecular weight regulator in arbitrary amount.
We have found that, by changing molecular weight of the prepolymer to be fed in the polymerization reactor of the
present invention, dropping rate of the prepolymer along the supporting substrate can dramatically be changed, by which
residence time in the polymerization reactor can be controlled and quality such as degree of polymerization of a resin
to be produced and production amount can be easily controlled in wide range.

[0081] Asthe molecular weight regulator, a molecular weight decreasing agent or a molecular weight increasing agent
is used. In the present invention, by using the molecular weight regulator, quality such as degree of polymerization of a
polycondensation polymer and production amount can be adjusted in wide range not attainable by a conventional
polymerization process.

[0082] When a molecular weight decreasing agent is used, degree of polymerization of a polycondensation polymer
to be produced in the polymerization reactor of the present invention can be lowered in wide range only by the addition
of relatively small amount of the molecular weight decreasing agent. This is because, in addition to the original effect of
the molecular weight decreasing agent, there is also the effect of shortening reaction time by increasing dropping rate
of the prepolymer along the supporting substrate. To be able to widely lower degree of polymerization of a polyconden-
sation polymer to be produced has the same meaning of dramatical reduction of production amount.

[0083] On the contrary, in a conventional polymerization method, only the original effect of a molecular weight de-
creasing agent is fulfilled, and degree of polymerization of a polycondensation polymer is lowered responding only to
the addition amount of the molecular weight decreasing agent and thus to adjust in wide range, much quantity of the
addition is required, which poses a problem in view of operation, cost and also product quality. While when the molecular
weight increasing agent is used, degree of polymerization of a polycondensation polymer to be produced in the polym-
erization reactor of the present invention can significantly be increased only by the addition of relatively small amount
of the molecular weight increasing agent. This is because, in addition to the original effect of the molecular weight
increasing agent, there is also the effect of extending reaction time by lowering dropping rate of the prepolymer along
the supporting substrate. To be able to widely increase degree of polymerization of a polycondensation polymer to be
produced has the same meaning as ability to dramatically increase production amount. On the contrary, in a conventional
polymerization method, only the original effect of the molecular weight increasing agent is fulfilled, and degree of po-
lymerization of a polycondensation polymer is increased responding only to the addition amount of the molecular weight
increasing agent and thus to adjust in wide rage, large quantity of the addition is required, which poses a problem in
view of operation, cost and also product quality.

[0084] When molecular weight of the prepolymer fed from a production step of the prepolymer varies, the variation
state is detected, based on which result, the molecular weight regulator is added to the prepolymer at the step before
feeding the prepolymer into the polymerization reactor, by which change in molecular weight is absorbed and the pre-
polymer can also be introduced into the polymerization reactor in the state of small change in molecular weight.
[0085] The molecular weight regulator can be reacted with the prepolymer at an arbitrary step before feeding the
prepolymer into the polymerization reactor. This reaction may be carried out by installing a separate reactor or in a
pipeline by introducing the molecular weight regulator into the pipeline for feeding the prepolymer. It is a preferable
method that mixing and reaction of the molecular weight regulator are promoted by utilization of mixing apparatus with
a drive unit such as an extruder or static mixing apparatus.

[0086] As the molecular weight decreasing agent, such known one as is used for depolymerization or molecular weight
decreasing of a polymer can be used, as appropriate, depending on polymer kinds. It is also preferable to utilize a raw
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material monomer as described above or the prepolymer with lower molecular weight sampled from a step nearer to
raw material or a compound by-produced by a polycondensation reaction as the molecular weight decreasing agent.
[0087] For example, in case of a polyester resin, a mixture can be used consisting of one or more kinds of those
selected from compounds having two or less hydroxyl groups directly bonded to an aliphatic hydrocarbon group of 1 to
30 carbon atoms, such as ethylene glycol, 1,3-propanediol, 1,4-butanediol, neopentylglycol, 1,6-hexamethyleneglycol,
1,4-cyclohexanediol, methanol, ethanol, propanol, butanol and benzylalcohol; or an alkylene glycol, such as diethylene
glycol, triethylene glycol, tetraethylene glycol, dipropylene glycol and tripropylene glycol; or water; or compounds having
two or less carboxyl groups directly bonded to an aromatic hydrocarbon group of 6 to 30 carbon atoms such as terephthalic
acid, isophthalic acid, naphthalene dicarboxylic acid, 5-sodiosulfoisophthalic acid and 3,5-dicarboxybenzenesulfonic
acid tetramethylphosphonium salt; or compounds having two or less carboxyl groups directly bonded to an aliphatic
hydrocarbon group of 1 to 30 carbon atoms, such as formic acid, acetic acid, propionic acid, butanoic acid, oxalic acid,
succinic acid, adipic acid, dodecanedioic acid, fumaric acid, maleic acid and 1,4-cyclohexanedicarboxylic acid; or com-
pounds having a hydroxyl group and a carboxyl group directly bonded to an aliphatic hydrocarbon group of 1 to 30
carbon atoms, such as lactic acid and glycolic acid; or compounds having such a carboxylic group esterificated by a
lower alcohol.

[0088] Also in case of a polyamide resin or a polycarbonate resin, a raw material monomer as described above or the
prepolymer with lower molecular weight sampled from a step nearer to raw material or a compound by-produced by a
polycondensation reaction can be used as the molecular weight decreasing agent. It is also possible that the above-
described molecular weight decreasing agent for a polyester resin is used instead as the molecular weight decreasing
agent for a polyamide resin or a polycarbonate resin, or on the contrary, the above-described molecular weight decreasing
agent for these resins is used as the molecular weight decreasing agent for a polyester resin. Furthermore, the following
methods are possible;

- suppressing molecularweightincrease: by suppression of a polycondensation reaction by the addition of a compound
with suppression function of polymerization catalytic action such as water and trimethyl phosphate;

- decreasing molecular weight as well as suppressing molecular weight increase: by the addition of a monofunctional
group to be an end-cap agent for reaction or a difficult-to-react compound;

- suppressing a polycondensation reaction: by lowering temperature of the prepolymer by the addition of the prepol-
ymer with lower temperature or by mixing a part of the prepolymer adjusted to have locally lower temperature with
other portion.

[0089] The molecular weight increasing agent is not especially limited as long as it has action of increasing molecular
weight of the prepolymer. The method for increasing molecular weight is represented by one or more kinds selected
from the following means:

- addition of the prepolymer with higher molecular weight sampled from a step nearer to a product, or the product
having high molecular weight polymer, or a high molecular weight polymer produced by other polymerization tech-
nology such as a solid phase polymerization method to increase molecular weight by an exchange reaction;

- partial cross-linking reaction by the addition of a compound having three or more functional groups which are
condensation reactable, such as glycerine, pentaerythritol, sorbitol, 1,2,4-benzenetricarboxylic acid and citric acid;

- acceleration of polycondensation reaction by the addition of, or by the addition of more than ordinal amount of a
hydrolysate obtained by hydrolysis of titanium oxide, titanium tetrabutoxide, titanium tetraisopropoxide, titanium
halide or titanium alkoxide; a hydrolysate obtained by hydrolysis of germanium oxide, germanium isopropoxide,
germanium alkoxide; and a compound containing titanium, germanium, antimony, tin, aluminum, cobalt and having
polymerization catalysis action, such as antimony oxide, tin acetate, tin 2-ethylhexanate, aluminum acetate, alumi-
num propionate, aluminum lactate, aluminum chloride, aluminum hydroxide, aluminum carbonate, aluminum phos-
phate, aluminum ethoxide, aluminum isopropoxide, aluminum acetylacetonate and cobalt acetate;

- promotion of a polycondensation reaction by the addition of the prepolymer heated up to higher temperature or by
mixing a part of the prepolymer heated to locally higher temperature with other portion to increase temperature of
the prepolymer.

(D-6) Others:

[0090] The present invention includes a case wherein various additives, if necessary, are copolymerized or mixed,
such as a matting agent, a heat stabilizer, a flame retardant, an antistatic agent, a defoaming agent, an orthochromatic
agent, an antioxidant, a UV absorber, a crystal nucleating agent, a brightening agent and an impurity scavenger. These
stabilizers or various additives can be added at arbitrary stages till molding.

[0091] In particular, in the present invention, it is preferable that a suitable stabilizer is added depending on a polymer
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to be polymerized. For example, in case of a polyester resin, a pentavalent and/or trivalent phosphorous compound or
a hindered phenol based compound is preferable. The addition amount of the phosphorous compound is preferably 2
to 500 ppm as weight ratio of a phosphorous elementin a polymer, more preferably 10 to 200 ppm. As specific compounds,
trimethyl phosphite, phosphoric acid and phosphorous acid are preferable. A phosphorous based compound is preferable
because of not only suppressing polymer coloring but also having effect of a crystal nucleating agent.

[0092] A hindered phenol based compound is a hindered phenol based derivative having a substituent with steric
hindrance at the adjacent position of a phenolic hydroxyl group and a compound having at least one ester bond in a
molecule. The addition amount of the hindered phenol based compound is preferably 0.001 to 1% by weight based on
a polymer obtained, more preferably 0.01 to 0.2% by weight. Specific compounds include pentaerythritol tetrakis[3-(3,5-
di-tert-butyl-4-hydroxyphenyl)propionate], 1,1,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane, octadecyl 3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate, N,N’-hexamethylenebis(3,5-di-tert-butyl-4-hydroxyhydrocinnamide). Combined
use of these stabilizers is one of the preferable methods.

[0093] In the presentinvention, it is also preferable to add a crystal nucleating agent, and in case of a polyester resin,
such as a phosphorous based compound, a metal salt of an organic acid and powder of polyolefin or other resins are
preferable. The addition amount of the crystal nucleating agent is preferably 2 to 1000 ppm in a polymer, more preferably
10 to 500 ppm. Specifically included are phosphates such as a phosphoric acid 2,2’-methylenebis(4,6-di-t-butylphenyl)
sodium salt, a phosphoric acid bis(4-t-butylphenyl) sodium salt; and sorbitols such as bis(p-methylbenzylidene)sorbitol;
and metal element containing compounds such as a bis(4-t-butylbenzoic acid) hydroxyaluminum salt. In particular, for
preform used for a PET bottle by heating at the mouth portion for thermal crystallization, it is preferably used to promote
crystallization and to lower thermal crystallization temperature.

[0094] In the present invention, the addition of a scavenger for volatile impurities with low molecular weight is also
one of the preferable methods. In case of PET, impurity is acetaldehyde and a scavenger for that includes a polymer or
an oligomer of polyamide, or a polyesteramide, or a low molecular weight compound having an amide group or an amine
group, such as 2-aminobenzamide. Specific examples of such compounds include polymers such as a polyamide of
nylon 6,6, nylon 6 and nylon 4,6 or polyethylene imine, moreover reaction products between N-phenylbenzne amine
and 2,4,4-trimethylpentene, or Irganox-1098, Irganox-565 (registered trade mark) manufactured by Ciba Specialty Chem-
icals Co. Ltd., and the like. These scavengers are preferably added at a step between resin discharge from the polym-
erization reactor and its feed to a molding machine.

(E) The molding method:

[0095] A polymer produced by polymerization may be used in molding by re-melting after once pelletized, however,
the polymer can be transferred to a molding machine in molten state to mold. By this means, not only complicated steps
such as transportation, storage and drying before molding of pellets and energy can be reduced but also a far high
quality molded product can be produced.

[0096] When a polymer produced by polymerization is transferred in molten state to a molding machine for molding,
to produce a molded product with small variation of quality and weight, the following methods are taken: adjustment of
transferring pressure of a resin to a molding machine in constant (E-1) and adjustment of polymer melt residence time
at the upstream of a molding machine in constant (E-2).

[0097] By the polymerization reactor based on novel principle of the present invention, melt polycondensation at far
low temperature is possible than in conventional polymerization technology, which provides small variation of quality
and melt viscosity of a molten resin fed into a molding machine, and thus a molded product with small variation of quality
and weight and/or pellets with small quality variation can stably be produced by installment of at least two discharge
pumps to the polymerization reactor of the present invention and feeding a resin to each of a separate molding machine
and/or a pelletizer (E-3). It is naturally a preferable method that an (E-3) method is used in combination with (E-1) and
(E-2) methods.

[0098] Furthermore, by the polymerization reactor of the present invention, it is also possible that at least a part of a
polycondensation polymer produced in amount over the amount to be used in molding or pelletizing is returned for re-
circulation to an arbitrary step among producing steps for said polycondensation polymer (E-4).

The (E-1 to E-4) methods are each explained below.

(E-1) A method for adjusting resin transfer pressure to a molding machine:

[0099] In a production method for a molded product of the present invention, to adjust resin transfer pressure to a
molding machine constant, the transfer pressure to a molding machine is required to be maintained arbitrarily at pressure
from 0.1 to 100 MPa (absolute pressure).

[0100] When the transfer pressure to a molding machine varies, it is difficult to maintain constant resin feed amount
to a molding machine. In particular, when an injection molding machine is used, a weighing step of resin received and
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an injection or cooling step without receiving a resin are repeated, which makes resin flow intermittent and thus variation
of the transfer pressure to a molding machine is inevitable and poses a problem of weight variation of a molded product.
[0101] The transfer pressure to a molding machine is preferably not lower than 0.1 MPa to accurately feed a highly
viscous resin in a molding machine and preferably not higher than 100 MPa in view of apparatus scale or resin leak
prevention from pipeline connection part. More preferably it is in the range of 0.5 to 70 MPa, further preferably in the
range of 1 to 50 MPa and most preferably in the range of 2 to 30 MPa. By maintaining the transfer pressure at high level,
smaller volume (smaller diameter) of a transfer pipeline for a molten resin is applicable, and melt residence time in resin
transferring can be preferably shortened. Particularly most preferable range is 3 to 20 MPa.

[0102] In adjustment of the transfer pressure to a molding machine constant, it is preferable that pressure variation is
small and to prevent weight variation of a molded product, it is preferably not over =80% of set pressure, more preferably
not over +=50%, particularly preferably not over +30% and most preferably not.over +20%.

[0103] By adopting such a method, it is possible to adjust the resin feed amount to various molding machines including
an injection molding machine constant and even when multiple same or different kinds of molding machines are used,
resin feed amount can be adjusted constant without a complicated switching system and sequence. Also in molding
using multiple molding machines, even when a part of a molding machine is down by accident, production of a molded
product with stable quality and weight can be possible by other molding machines.

[0104] As described above, means to control the transfer pressure to a molding machine is not especially limited and
conventionally known methods can be used and preferable control methods are specifically explained below (E-1-1 and
E-1-2)

(E-1-1) A method for controlling the transfer pressure by adjusting output amount of the discharge pump:

[0105] The transfer pressure is detected in a pipeline to transfer a molten resin from the polymerization reactor to a
molding machine, and output of the discharge pump is controlled so that the transfer pressure is maintained at arbitrary
level between 0.1 to 100 MPa (absolute pressure). In this case, it is preferable that pressure variation is small and it is
preferably not over =80% of set pressure to prevent weight variation of a molded product.

(E-1-2) A method for controlling the transfer pressure by returning a part of a resin discharged to the polymerization
reactor while maintaining output amount of the discharge pump constant:

[0106] In this method, the discharge pump of the polymerization reactor is controlled so as to maintain a selected
output amount from 1.0 to 100 times the feed amount of the prepolymer. The output amount of the discharge pump is
preferably not lower than 1.0 times the feed amount of the prepolymer to prevent resin residence in the polymerization
reactor and preferably not higher than 100 times in view of apparatus scale, more preferably in the range of 1.1 to 50
times, further preferably in the range of 1.15 to 20 times and most preferably in the range of 1.2 to 5 times.

[0107] In addition to a pipeline to transfer a molten resin from the polymerization reactor to a molding machine, after
said discharge pump, a pipeline is installed to return a part of the discharged resin to the bottom of said polymerization
reactor and a system for output pressure detection and opening degree control of a polymer return valve or a back
pressure valve is installed at the pipeline to return a resin to the bottom.

[0108] The transfer pressure is detected in the pipeline to transfer a molten resin from the polymerization reactor to
a molding machine, and opening degree of the system for output pressure detection and opening degree control of a
polymer return valve or the back pressure valve is controlled so that the transfer pressure is maintained at arbitrary level
between 0.1 to 100 MPa (absolute pressure). In this case, it is preferable that pressure variation is small and it is
preferably not over =80% of set pressure to prevent weight variation of a molded product.

[0109] This method provides constant output amount of the discharge pump, resulting in small load to the discharge
pump and small accident risk and thus preferable.

(E-2) A control method for polymer melt residence time:

[0110] In a method for production of the molded product of the present invention, it is possible to polymerize at low
temperature never attained by conventionally known polymerization apparatus and even when polymer melt residence
time varies at the upper stream of a molding machine, variation of quality or weight of a molded product is small. As a
method for further maintaining polymer melt residence time constant at the bottom of the polymerization reactor, by
installing a discharge pump connected to a pelletizer and/or a discharge nozzle at the bottom of the polymerization
reactor or after the discharge pump of the polymerization reactor, a polymer can be transferred to the pelletizer and/or
the discharge nozzle so that molten polymer residence time at the bottom of the polymerization reactor is controlled to
selected time between 0.1 to 120 minutes. By means of this, even in case of mutual variation of "resin producing rate"
and "resin molding rate", variation of molten polymer residence time at the bottom of the polymerization reactor can be
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avoided, which otherwise affect polymer quality, and stable production in time course is possible with little variation of
quality and weight of a molded product.

[0111] Polymer melt residence time at the bottom of the polymerization reactor is preferably not shorter than 0.1 minute
in view of maintaining air tightness of the discharge pump and preferably not longer than 120 minutes in view of sup-
pressing thermal decomposition of a resin, more preferably in the range of 0.2 to 60 minutes, further preferably in the
range of 0.3 to 30 minutes and particularly preferably in the range of 0.4 to 15 minutes.

[0112] When polymer melt residence time at the bottom of the polymerization reactor varies largely, resin quality or
melt viscosity may vary and thus it is preferably maintained constant, preferably not over =100% of specified polymer
melt residence time, more preferably not over +=80%, particularly preferably not over =50%, most preferably not over
+30% and particularly most preferably not over +20%.

(E-3) A method for installing at least two discharge pumps at the polymerization reactor of the present invention :

[0113] To stably produce a molded product with small variation of quality and weight and/or pellets with small quality
variation by connecting multiple molding machines and/or pelletizers to the polymerization reactor of the presentinvention,
it is a preferable method that by installing at least two discharge pumps at said the polymerization reactor and a resin
is fed to multiple molding machines and/or pelletizers.

[0114] Itis preferable to compose a production line wherein at least one or more molding machines and/or pelletizers
are connected by each discharge pump.

These molding machines and/or pelletizers can simultaneously mold and/or pelletize and can also mold or pelletize
using one desired molding machine or pelletizer per production line by installing a switching valve at a branch pipeline
connecting the discharge pump and multiple molding machines or pelletizers.

[0115] As described above, by installing at least two discharge pumps, at least two production lines are composed,
which makes change in production or kind of a molded product by each line easy. By this method, even when at least
one of the lines is stopped by accident or maintenance, the production can be continued by adjusting production amount
of other lines.

[0116] Output amount of the discharge pump of each line can be adjusted in response to a production planning of a
molding machine or a pelletizer and in case of an injection molding machine, it can be synchronized with the weighing-
injection cycle or output amount of the discharge pump may also be controlled so that the transfer pressure to the
injection molding machine is maintained arbitrarily at pressure from 0.1 to 100 MPa (absolute pressure). By returning a
part of a resin discharged to the bottom of the polymerization reactor or transferring to the discharge nozzle or the
pelletizer installed separately from a molding machine while controlling to selected output amount between 1.0 to 100
times the feed amount of the prepolymer, the transfer pressure to the molding machine can also be controlled.

[0117] (E-4) A method for returning for re-circulation at least a part of a polycondensation polymer produced in amount
over the amount to be used in molding or pelletizing to an arbitrary step among producing steps for said polycondensation
polymer:

In the above-described method (E-2), by returning drawn out resin from the discharge nozzle or the pelletizer to avoid
variation of polymer melt residence time at the upper stream of a molding machine, to arbitrary step among production
steps of said polycondensation polymer, loss can be suppressed to the minimum.

[0118] These polycondensation polymers other than the amount to be used for molding products or pellets, which are
originallyaimed at, are named "excess polymers" hereinafter.

For re-circulation, "excess polymers" can be, for example, either introduced from the porous plate of the polymerization
reactor based on novel principle of the present invention, introduced by installing a nozzle at arbitrary position such as
the bottom of said polymerization reactor, or joined into flow of said polycondensation polymer at the upper stream of
said polymerization reactor from apparatus to produce the prepolymer, or a raw material monomer tank, or arbitrary
position of a pipeline connecting these.

[0119] When "excess polymers" are jointed into flow of said polycondensation polymer, to make variation of polymer
residence time in a polymerization system small, it is also a preferable method that flow amount of a raw material
monomer or the prepolymer from the upper stream of the junction is decreased in response to the amount of excess
polymers joined. When "excess polymers" are generated in large quantity, to minimize increase in residence time at the
upstream of the junction, it is also a preferable method to join at the upper stream such as a raw monomer tank, the first
or second reactor to produce the prepolymer, in particular, a reactor to generate an initial condensation product or the
first polycondensation reactor. When "excess polymers" are generated in small quantity, it is also a preferable method
to joint into the final reactor nearest to the discharge part of "excess polymers".

[0120] It is also a preferable method that "excess polymers" are joined with small amount of the prepolymer having
low degree of polymerization or a raw material monomer in advance to make mixing easy before join of the polymers
to flow of said polycondensation polymer. A method for using a static mixer or a preliminary mixing tank of stirring tank
type, kneader type or extruder type for this purpose is also preferable.
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[0121] All of "excess polymers" may be joined into flow of said polycondensation polymer for circulation or only a part
may be circulated to stabilize a polymer system in early stage and the rest can be recovered as pellets or wasted or
scrapped.

(E-5) Other molding conditions:

[0122] A polymer once pelletized, in particular in case of a highly crystalline polymer, requires heating at high tem-
perature in melt processing and moreover easy to generate shear heat, which posed a problem of significant quality
deterioration. However, pellets and a molded product produced by a method for polymerization and a method for molding
of the present invention have small quality deterioration before and after melt processing. This is considered to occur
because polymerization temperature is low in a method for polymerization of the present invention and moreover po-
lymerization is completed in a short time, and due to absence of a rotational driving unit or resin residence area in
polymerization apparatus itself, there is little air ingress, scission of molecular chains by sear and resin deterioration by
melt residence and further there is no effect of moisture absorption or oxidative deterioration even in feeding to melt
processing apparatus.

[0123] To transfer a polymer polymerized by a polymerization method of the present invention to a molding machine
in molten state for molding, it is necessary to transfer a polymer drawn out from the polymerization reactor to a molding
machine at temperature as low as possible and in a short time within the range not to solidify the polymer. "Molten state"
here means that a polymer is in flowing state by melting under heating and has viscosity of about 500,000 Pa's or lower.
[0124] Temperature to transfer and mold a polymer produced by polymerization to a molding machine is not lower
than a temperature lower than crystal melting point by 10°C to stably transfer without significantly increasing viscosity
or solidification. By setting the temperature at not higher than a temperature higher than crystal melting point by 60°C,
a high quality molded product with low level coloring or generation of volatile impurities by thermal decomposition can
be produced. A temperature higher than crystal melting point by 0 to 40°C is preferable, (a temperature higher than
crystal melting point by 0 to 30°C) is more preferable, a temperature higher than crystal melting point by 0 to 20°C is
further preferable and a temperature higher than crystal melting point by 1 to 15°C is particularly preferable. These
temperatures can be attained by suitably controlling temperature of a heater or a jacket covering the transfer pipeline,
the transfer pump and a molding machine.

[0125] Time required till molding is preferably within 40 minutes, more preferably within 20 minutes and particularly
preferably within 10 minutes. Naturally, shorter time is better. "Time required till molding" here is the period from the
time when a molten polymer comes out from the discharge pump of the polymerization reactor to the time when it is
cooled to not higher than the crystallization temperature of said polymer as a molded product or pellets. When a molten
polymer is transferring continuously in a pipeline, etc., average time calculated from the volume of the pipeline, etc., and
flow rate can be used. When this time varies, it is necessary to be set within the time described above.

[0126] As for a molding machine, a commercial molding machine using pellets as raw material can be used in initial
state or after modification. In particular, in the present invention, because a polymer in molten state is directly fed from
the polymerization reactor, pellet plasticization mechanism such as a melt plasticization screw can be simplified or
omitted, which was essential to a molding machine using conventional pellets as raw material. As the result, molding
can be executed under conditions of low shear heat generation by plasticization mechanism, by which a far high quality
molded product can be produced.

[0127] Molding can be executed using one molding machine or two or more molding machines of the same or different
type. Because a molding machine is operated intermittently, when multiple molding machines are used, to make flow
amount of a polymer drawn out from the polymerization reactor constant, such a method is also preferably used that
flow amount is averaged by shifting a molding cycle of multiple molding machines by given quantity.

[0128] When a polymer continuously drawn out from the polymerization reactor is introduced to a molding machine,
operated intermittently, it is also a preferable method that an accumulator is separately installed in midway to accumulate
a molten polymer. Such a method is further preferable that a molding machine and the accumulator are synchronized
to reduce residence of a molten polymer.

Such a method is also preferable that by installing a resin nozzle or an extruder or a pelletizer separately from a molding
machine, a molded product and pellets are simultaneously produced.

[0129] As a preferable example of the present invention, a polymerization case of PET is then explained based on
drawings.

Embodiments of preferable combination to attain a method of the present invention are shown in Fig. 1 and others,
however, the present invention is by no means limited to these.

The reference numerals of the drawings are as follows:

1 Transfer pump
2 Prepolymer feeding port
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Molding machines A

Molding machines B

Molding machines C

Pelletizer

Transfer pump

System for output pressure detection and output control of the discharge pump
System for level detection and output control of the transfer pump
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System for output pressure detection and opening degree control of a polymer return valve or back pressure valve
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Stirring tank type polymerization reactor
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Discharge and transfer pump
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Transfer pump

First stirring tank type polymerization reactor
Stirring blade

Exhaust port for reduced pressure

Transfer pump

Second stirring tank type polymerization reactor
Stirring blade

Exhaust port for reduced pressure

First transesterification reactor

Stirring blade

Exhaust port for reduced pressure

Transfer pump

Second transesterification reactor

Stirring blade

Exhaust port for reduced pressure

Transfer pump

First stirring tank type polymerization reactor
Stirring blade

Exhaust port for reduced pressure

Transfer pump

Horizontal type stirring polymerization reactor
Stirring blade

Exhaust port for reduced pressure

In Fig. 1, the prepolymer A of a polycondensation polymer such as PET is fed to the polymerization reactor

from the prepolymer feeding port (2) via the transfer pump (1) with a molecular weight regulator B, if necessary, and
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introduced inside the polymerization reactor by passing the porous plate (3) and drops along the supporting substrate
(5). Inside the polymerization reactor (17) is controlled under specified degree of reduced pressure and by-produced
ethylene glycol, etc., and the like or inert gas such as nitrogen introduced from the inert gas feeding port (6), if necessary,
is discharged from an exhaust port for reduced pressure (7). A polymer produced by polymerization is discharged by
the discharge pump (8). Output of the discharge pump (8) is controlled by a system (15) for the output pressure detection
and output control of the discharge pump. A polymer drawn out, after continuously discharged by the discharge pump
(8), is fed to molding machines A to C (10 to 12) by a transport pipeline and the distributor (9) and molded. Three or
more molding machines can also be connected.

[0131] A polymer polymerized while dropping along the supporting substrate (5) is drawn out from a discharge port
by the discharge pump (8) after dropping to the lower part of the polymerization reactor (17), and in this case, it is
preferable to make the amount accumulated at the lower part of the polymerization reactor as small as possible and as
constant as possible. A method for controlling the accumulated amount includes adjustment of liquid feed amount of the
transfer pump (1) and the discharge pump (8) by monitoring the accumulated amount through the inspection window
(4) or with the level gauge such as a capacitance type one. As a preferable example, a method for adjustment by installing
the transfer pump (14) connected to the pelletizer (13) along with a molding machine and by transferring to the pelletizer
so as to control residence time of a polymer at the bottom of the polymerization reactor (17) to selected time is shown
in Fig. 1.

The transfer pump (1 and 14), the polymerization reactor (17), the discharge pump (8), the transfer pipeline and the
distributor (9), the molding machines A to C (10 to 12), the pelletizer (13), etc., are heated by a heater or a jacket and
kept warm.

[0132] The polymerization reactor used in the present invention can be equipped with a stirrer, etc., at the bottom of
the polymerization reactor, however, it is not especially necessary. Therefore, it is possible to eliminate a rotational drive
unit at the polymerization reactor itself, which ensures polymerization in good seal condition even under high vacuum.
Because the rotational drive unit of the discharge pump is covered with a resin to discharge, such a reactor is sealed
far better than the polymerization reactor with a rotational drive unit.

[0133] A method of the present invention can also be executed by a single unit of the polymerization reactor. It may
be executed by two or more units of the polymerization reactors. Furthermore, a single unit of the polymerization reactor
may be partitioned in vertical or horizontal type to make multi-step polymerization reactors.

[0134] In the present invention, a step for increasing molecular weight from the prepolymer of a polycondensation
polymer such as PET to a polycondensation polymer such as PET with high degree of polymerization, that is a target
polymer, can also be executed by polymerization while dropping all of the prepolymer from the holes of the porous plate
along the supporting substrate. However, a method by combination with other polymerization methods, for example, a
stirring tank type polymerization reactor and a horizontal type stirring polymerization reactor is preferable.

[0135] The horizontal stirring polymerization reactor includes for example, the polymerization reactor described in
chapter 4 of "Research Report by Reaction Engineering Research Association: Reactive Processing, Part 2" (Society
of Polymer Science, Japan; 1992), such as a screw type, an independent blade type, a single axial type and a twin axial
type.

[0136] As the stirring tank type polymerization reactor, any of stirring tanks described, for example, in chapter 11 of
"Chemical Apparatus Handbook (Edited by Society of Chemical Engineers, Japan; 1989) can be used. Tank shape is
not especially limited. A cylinder type of vertical or horizontal type is usually used. Shape of stirring blade is also not
especially limited. For example, a paddle type, an anchor type, a turbine type, a screw type, a ribbon type and a double
blade type are used.

[0137] Astep forproducing the prepolymer from raw material may be executed by either a batch system or a continuous
system. In case of a batch system, all amounts of raw material or reaction products are fed to the reactor to be subjected
to a reaction for specified hours, and then all amount of the reaction products are transferred to the next reactor. While,
in case of a continuous system, raw material or reaction products are continuously fed to each reactor and reaction
products can be continuously discharged. A continuous system is preferable to produce a homogeneous and high quality
polycondensation polymer such as PET and the molded product thereof in large quantity.

[0138] The molding machine in the present invention means apparatus to make a molten state resin into specified
shape, including such as an extrusion molding machine, an injection molding machine and a blow molding machine.
The molded product obtained by the molding machine includes such as bottles, preform for bottles, films, sheets, tubes,
rods, fibers and injection molded products in various shapes. The present invention is suitable, in particular, to produce
preform for drinking bottles among them. It is because drinking bottles are strongly required to have not only superior
strength and transparency but also have reduced amount of low molecular weight volatile impurities to affect taste or
odor of the contents, represented by acetaldehyde in case of PET, along with good productivity and producible in low cost.
[0139] Fig. 2 is a typical example of the polymerization reactor to attain a method of the present invention, in case of
using an inert gas absorption apparatus. The prepolymer A of a polycondensation polymer such as PET is fed to the
inert gas absorption apparatus (N10) from the prepolymer feeding port (N2) via the transfer pump (N1), and introduced
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inside the inert gas absorption apparatus by passing the porous plate (N3) and drops along the supporting substrate
(N5). Inside the inert gas absorption apparatus is controlled under specified degree of reduced pressure by the exhaust
port for reduced pressure (N7) and the prepolymer A absorbs, while dropping, inert gas such as nitrogen introduced
from inert gas feeding port (N6). The prepolymer A is fed from feeding port (2) to the polymerization reactor (17) via the
discharge and transfer pump (N8), introduced inside the polymerization reactor by passing through the porous plate (3)
and drops along the supporting substrate (5). Inside the polymerization reactor is controlled under specified degree of
reduced pressure and by-produced ethylene glycol, etc. is discharged from the exhaust port for reduced pressure (7).
A polymer produced by polymerization is discharged by the discharge pump (8) to the discharge port via the distributor
(9). The polymerization reactor (17), etc. are heated by a heater or a jacket and kept warm.

[0140] A polymer produced by polymerization is continuously discharged from the discharge pump (8) and then fed
to the molding machines A to C (10 to 12) by the transfer pipeline and the distributor (9) and molded. Three or more
molding machines can be connected.

[0141] As a preferable example to maintain accurate and constant resin residence time at the upper stream of the
molding machine and thus produce the molded product with always constant quality and weight, Fig. 2 shows an
apparatus installing a transfer pump (14) connected to the pelletizer (13) along with the molding machines. In the
apparatus, a resin is transferred to pelletizer (13) so as to control polymer melt residence time at the bottom of the
polymerization reactor to selected time.

[0142] The transfer pump (1 and 14), the inert gas absorption apparatus (N10), the polymerization reactor (17), the
discharge pump (8), the transfer pipeline and the distributor (9), the molding machines A to C (10 to 12), the pelletizer
(13), etc. are heated by a heater or a jacket and kept warm.

[0143] Fig. 3 shows an embodiment of preferable combination to practice a method of the present invention, by
controlling the transfer pressure by means of returning a part of a resin discharged to the bottom of the polymerization
reactor while maintaining the output amount of the discharge pump constant. However, the present invention is by no
means limited to these.

[0144] The prepolymer A of a polycondensation polymer such as PET is fed to the polymerization reactor from the
prepolymer feeding port (2) via the transfer pump (1), and introduced inside the polymerization reactor (17) by passing
the porous plate (3) and drops along the supporting substrate (5). Inside the polymerization reactor (17) is controlled
under specified degree of reduced pressure and by-produced ethylene glycol, etc. orinert gas such as nitrogen introduced
from the inert gas feeding port (6), if necessary, is discharged from the exhaust port for reduced pressure (7). A polymer
produced by polymerization is discharged from the discharge pump (8). Output amount of the discharge pump (8) is
controlled to a value selected from 1.0 to 100 times the feed amount of the prepolymer A.

[0145] A polymer produced by polymerization is continuously discharged from the discharge pump (8) and then fed
to the molding machines A to C (10 to 12) by a transfer pipeline and the distributor (9) and molded. Three or more
molding machines can be connected.

[0146] A pipeline to return a resin to the bottom of the polymerization reactor is installed in addition to the molding
machine, after the discharge pump (8) and the system for output pressure detection and opening degree control of a
polymer return valve or the back pressure valve (18) is set at said pipeline. The opening degree of the system for output
pressure detection and opening degree control of a polymer return valve or the back pressure valve (18) is controlled
so as to maintain the transfer pressure to the molding machine at arbitrary pressure.

[0147] A polymer polymerized while dropping along the supporting substrate is drawn out from a discharge port by
the discharge pump (8) after dropping to the lower part of.the polymerization reactor. In this case, it is preferable to make
the amount accumulated at the lower part of the polymerization reactor as small as possible and as constant as possible.
A method for controlling the accumulated amount includes adjustment of liquid feed amount of the transfer pump (14)
and the discharge pump (8) by monitoring the accumulated amount through the inspection window (4) or with the level
gauge such as a capacitance type.

[0148] As a preferable example, Fig. 3 shows an apparatus installing a transfer pump (14) connected to the pelletizer
(13) along with the molding machines.

In the apparatus, a resin is transferred to pelletizer (13) so as to control polymer melt residence time at the bottom of
the polymerization reactor to selected time.

[0149] The transfer pump (1 and 14), the polymerization reactor (17), the discharge pump (8), the transfer pipeline
and the distributor (9), the system for output pressure detection and opening degree control of a polymer return valve
or the back pressure valve (18), the molding machines A to C (10 to 12), the pelletizer (13), etc. are heated by a heater
or a jacket and kept warm.

[0150] Fig. 4 shows a typical example of the polymerization reactor to attain a method of the present invention, in
case of using the inert gas absorption apparatus, by controlling the transfer pressure by means of returning a part of a
resin discharged to the bottom of the polymerization reactor while maintaining the output amount of the discharge pump
constant.

[0151] Fig. 5 shows an example of a preferable embodiment of a method for installing at least two discharge pumps
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at the bottom of the polymerization reactor, however, the present invention is by no means limited to these.

[0152] The prepolymer A of a polycondensation polymer such as PET is fed to the polymerization reactor (17) through
the prepolymer feeding port (2) via the transfer pump (1) from the polymerization reactor, and introduced inside the
polymerization reactor by passing the porous plate (3) and drops along the supporting substrate (5). Inside the polym-
erization reactor is controlled under specified degree of reduced pressure and by-produced ethylene glycol, etc. or inert
gas such as nitrogen introduced from the inert gas feeding port (6), if necessary, is discharged from the exhaust port
for reduced pressure (7). A polymer produced by polymerization is discharged by the multiple discharge pumps (8) via
the distributor (9).

[0153] A polymer produced by polymerization is continuously discharged by each of the discharge pumps (8) and
then fed to the molding machines A to C (10 to 12) or pelletizer (13) by a transport pipeline installed with the switching
valve (19) and molded. Three or more molding machines and pelletizers can be connected.

[0154] A polymer polymerized while dropping along the supporting substrate is drawn out from the discharge port by
the discharge pump after dropping to the lower part of the polymerization reactor. In this case, it is preferable to make
the amount accumulated at the lower part of the polymerization reactor as small as possible and as constant as possible.
A method for controlling the accumulated amount includes adjustment of liquid feed amount of the transfer pump (1)
and the discharge pump (8) by monitoring the accumulated amount through the inspection window (4) or with the level
gauge such as a capacitance type.

[0155] The transfer pump (1 and 14), the polymerization reactor (17), the discharge pump (8), the transfer pipeline
and the distributor (9), the switching valve (19), the molding machines A to C (10 to 12), the pelletizer (13), etc. are
heated by a heater or a jacket and kept warm.

[0156] Fig. 6 shows a specific example of the polymerization reactor to attain a method of the present invention by
installing at least two discharge pumps at the bottom of the polymerization reactor, in case of using the inert gas absorption
apparatus.

[0157] Fig. 9 shows a preferable embodiment example, in case of PET polymerization, for re-circulation of "excess
polymers". However, the present invention is by no means limited to this.

[0158] Fig. 9 is a specific example of PET polymerization and molding using high purity terephthalic acid as raw
material. Raw material S, that is high purity terephthalic acid and ethylene glycol, generates bis(hydroxyethyl tereph-
thalate) and the oligomer composed of only several monomers, that is early stage condensates of PET, in the esterification
reactor (P1). The products are transferred to the first stirring tank type polymerization reactor (P5) by the transfer pump
(P4) and generate the prepolymer with limiting viscosity [n] in the range of 0.04 to 2 dl/g by a polycondensation reaction.
When the prepolymer with desired limiting viscosity [n] cannot be obtained only in the first stirring tank type polymerization
reactor (P5), the prepolymer is further transferred to the second stirring tank type polymerization reactor (P9) by the
transfer pump (P8) and subjected to further polycondensation to obtain the prepolymer with desired limiting viscosity [n].
[0159] The prepolymer A of PET thus produced is fed to the polymerization reactor (17) through the prepolymer feeding
port (2) via the transfer pump (1), and introduced inside the polymerization reactor by passing the porous plate (3) and
drops along the supporting substrate (5). Inside the polymerization reactor is controlled under specified degree of reduced
pressure and by-produced ethylene glycol, etc. or inert gas such as nitrogen introduced from inert gas feeding port (6),
if necessary, is discharged from the exhaust port for reduced pressure (7). A polymer produced by polymerization is
discharged by the discharge pump (8) and fed to the molding machines A to C (10 to 12) by the transfer pipeline and
the distributor (9). Three or more molding machines can be connected. A PET resin polymerized in excess amount over
the amount to be processed by the molding machine is returned through the polymer return pipeline (23) to the first
stirring tank type polymerization reactor (P5) by the transfer pump (14) and can be re-circulated.

[0160] A polymer polymerized while dropping along the supporting substrate (5) is drawn out from the discharge port
by the discharge pump (8) driven by the motor M after dropping to the lower part of the polymerization reactor (17). In
this case, it is preferable to make the amount accumulated at the lower part of the polymerization reactor (17) as small
as possible and as constant as possible. A method for controlling the accumulated amount includes adjustment of liquid
feed amount of the transfer pump (14) by monitoring the accumulated amount through the inspection window (4) or with
the level gauge such as a capacitance type.

[0161] The transfer pump (1 and 14), the polymerization reactor (5) itself, the first stirring tank type polymerization
reactor (P5), the second stirring tank type the polymerization reactor (P9), the transfer pump (P4), the discharge pump
(8), the transport pipeline and the distributor (9), the polymer return pipeline (23), the molding machines A to C (10 to
12), etc., are heated by a heater or a jacket and kept warm.

[0162] Fig. 10 is a specific example of PET polymerization and molding using dimethyl terephthalate as raw material.
Raw material S, that is dimethyl terephthalate and ethylene glycol, generates bis(hydroxyethyl terephthalate) and the
oligomer composed of only several monomers, that is the early stage condensates of PET, in the first transesterification
reactor (E1) and the second transesterification reactor (E5). The products are transferred to the first stirring tank type
polymerization reactor (E9) by the transfer pump (E8) and generate the prepolymer with limiting viscosity [n] in the range
of 0.04 to 2 dl/g by a polycondensation reaction. When the prepolymer with desired limiting viscosity [n] cannot be
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obtained only in the first stirring tank type polymerization reactor (E9), the prepolymer is further transferred to a horizontal
type stirring polymerization reactor (E13) by the transfer pump (E12) and subjected to further polycondensation to obtain
the prepolymer with desired limiting viscosity [n]. The prepolymer A of PET thus produced is fed, similarly as in Fig. 9,
to the polymerization reactor (17) through the prepolymer feeding port (2) via the transfer pump (1), and introduced
inside the polymerization reactor by passing the porous plate (3) and drops along the supporting substrate (5). Inside
the polymerization reactor (17) is controlled under specified degree of reduced pressure and by-produced ethylene
glycol, etc., or inert gas such as nitrogen introduced from inert gas feeding port (6), if necessary, is discharged from the
exhaust port for reduced pressure (7). A polymer produced by polymerization is discharged by the discharge pump (8)
driven by the motor M and fed to the molding machines A td C (10 to 12) via the transfer pipeline and the distributor (9),
and molded. Three or more molding machines can be connected. A PET resin polymerized in excess amount over the
amount to be processed by the molding machine is returned to the first stirring tank type polymerization reactor (E9) via
the polymer returning pipeline (23) by the transfer pump (14) and can be re-circulated.

[0163] Fig. 11 shows a preferable embodiment example, in PET polymerization, in case of using a molecular weight
regulator B. However, the present invention is by no means limited to this. In this Fig., the prepolymer A of PET is fed
to the polymerization reactor (17) from a production step of the prepolymer by the transfer pump (1) through a pipeline.
The molecular weight regulator B is mixed in the feeding pipeline and molecular weight of the prepolymer A is changed
by reaction between the prepolymer A and the molecular weight regulator B in the pipeline. The prepolymer A is fed to
the polymerization reactor (17) through the prepolymer feeding port (2) and introduced inside the polymerization reactor
(17) by passing through the holes of the porous plate (3) and drops along the supporting substrate (5).

[0164] Inside the polymerization reactor (17) is controlled under specified degree of reduced pressure and by-produced
ethylene glycol, etc., or inert gas such as nitrogen introduced from inert gas feeding port (6), if necessary is discharged
from the exhaust port for reduced pressure (7).

[0165] A polymer produced by polymerization is drawn out from the discharge port (9) by the discharge pump (8) after
dropping to the lower part of the polymerization reactor. In this case, it is preferable to make the amount accumulated
at the lower part of the polymerization reactor (17) as small as possible and as constant as possible. A method for
controlling the accumulated amount includes adjustment of liquid feed amount of the transfer pump (14) and the discharge
pump (8) by monitoring the accumulated amount through then inspection window (4) or with the level gauge such as a
capacitance type.

[0166] The transfer pump (1 and 14), the polymerization reactor (17), the discharge pump (8), the transfer pipeline,
etc. are heated by a heater or a jacket and kept warm.

[0167] A polycondensation polymer discharged from the polymerization reactor by the discharge pump (8), after
adjustment of quality such as degree of polymerization and production amount by the molecular weight regulator B, is
transferred to the molding machines A to C (10 to 12) or the pelletizer (13) installed adjacent to the polymerization reactor
as illustrated and can be molded or pelletized.

[Examples]

[0168] The present invention is explained based on

Examples.

[0169] Major measurement values in the Examples were determined by the following methods.

(1) Limiting viscosity [n]

[0170] Limiting viscosity [n] was determined in accordance with the following equation by extrapolation of ratio nsp/C
between relative viscosity ng, in o-chlorophenol at 35°C using Ostwald viscosimeter and concentration C (g/100 ml) to

zero concentration:
[0171]

[Expression 1]

Ml = lim (M,, / C)

C—0
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[0172] Degree of polymerization of the prepolymer can be evaluated by the above limiting viscosity [n], more generally
used instead of melt viscosity in case of PET.

[0173] For example, melt viscosity at 260°C of the prepolymer of a PET resin with limiting viscosity [n] of 0.15 dl/g is
about 60 poise and melt viscosity at 260°C of the prepolymer of a PET resin with limiting viscosity [n] of 1.2 dl/g is about
100000 poise.

(2) Crystal melting point

[0174] Crystal melting point was determined from peak value of an endothermic peak derived from crystal melting,
measured under the following conditions using "Pyris 1 DSC" (input compensation type differential scanning calorimeter)
from Perkin Elmer Co., Ltd. The peak value was determined using analysis software attached.

Measurement temperature: 0 to 300°C

Temperature rising rate: 10°C/min.

(3) Amount of carboxyl groups at the polymer terminal

[0175] It was determined in accordance with the following equation by dissolving 1g of a sample into 25 ml of benzyl
alcohol, and then adding 25 ml of chloroform to titrate with a 1/50 N alcohol solution of potassium hydroxide, based on
titration value V, (ml) and blank value V without PET:

Amount of carboxyl groups at the polymer terminal (meq/kg) = (V5-V)*<20
(4) Resin hue (L value, b value)

[0176] It was evaluated in accordance with a JIS Z8730 method using analysis software attached, by dissolving 1.5g
of a sample into 10 g of 1,1,1,3,3,3-hexafluoro-2-propanol, and analyzing by a transmittance method using UV-2500PC
(UV-visible ray spectrometer) from Shimadzu Corp.

(5) Content of impurities

[0177] A sample was finely cut and frost crushed for 3 to 10 minutes under cooling in liquid nitrogen using 6700 freezer
mill (frost crusher) from SPEX Co., Ltd., to adjust to particles with 850 to 1000 wm size. Said powder of 1 g was putin
a glass ampoule tube with 2 ml of water and sealed after purging with nitrogen and heated at 130°C for 90 minutes to
extract impurities such as acetaldehyde. The ample was opened after cooling to analyze under the following conditions
using GC-14B (gas chromatograph) from Shimadzu Corp.

Column: VOCOL (60 mx0.25 mm¢Xfilm thickness of 1.5um)

Temperature conditions: Hold at 35°C for 10 min., followed by increase at 5°C/min. up to 100°C and then 20°C/min.
from 100 to 220°C

Temperature at the injection port: 220°C

Injection method: a split method

(split ratio=1:30)

1.5 pL injection

Measurement method: FID method

Example 1

[0178] Using apparatus shown in Fig. 1, the prepolymer of PET with limiting viscosity [n] of 0.48 dl/g, amount of
carboxyl groups at the polymer terminal of 32 meqg/kg and crystal melting point of 256°C was fed into the polymerization
reactor (17) through the prepolymer feeding port (2) by the transfer pump (1), discharged at the rate of 15 g/minutes per
each hole of the porous plate (3) in molten state at 265°C, then polymerized under reduced pressure of 65 Pa while
dropping along the supporting substrate at the same ambient temperature in discharging, drawn out from the polymer-
ization reactor (17) by the discharging pump (8) and subjected to preform molding to blow molding in succession at
molding temperature of 280°C using a biaxially stretching blow molding machine (SBIII-100H-15 from Aoki Technical
Laboratory, Inc.) as the molding machine A (10). Dumbbell pieces were molded at molding temperature of 280°C using
an injection molding machine (MJEC-10 from MODERN MACHINERY CO., LTD) as the molding machine B (11). The
pelletizer C, instead of a molding machine, was installed as the molding machine C (12).

[0179] Output of the discharge pump (8) at the bottom of the polymerization reactor (17) was controlled by detection
of the output pressure at the down stream of the discharge pump (8) and using a system (15) for output pressure detection
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and output control of the discharge pump, so as to be maintained at 20 MPa (absolute pressure) during molding. By the
above results, variation of output pressure during molding was always controlled within + 20%.

[0180] The porous plate with thickness of 50 mm and 14 holes with diameter of 1 mm, each 7 holes with 10 mm space
being linearly aligned on each of 2 aligned lines in parallel with distance of 70 mm was used. The supporting substrate
vertically attached with wires having diameter of 2 mm and length of 8 m at the vicinity of each hole was used, wherein
said wires were orthogonally installed with other wires having diameter of 2 mm and length of 100 mm in 100 mm space
to make lattice-like. As material of the supporting substrate, stainless steal was used.

[0181] As the prepolymer, such one was used as produced by the addition of 0.04% by weight of diantimony trioxide
and trimethyl phosphate of 100 ppm as weight ratio of phosphorous element. Residence time in the polymerization
reactor was 70 minutes.

Residence time determined by the amount of a polymer inside the polymerization reactor divided by the feed amount
was used. There caused little fierce foaming of the prepolymer discharged from the porous plate during polymerization,
resulting in very small contamination at the nozzle surface or wall surface. Inclusion of much quantity of foam by a
dropping resin and behavior of resin rolling down along the supporting substrate in circular foam were observed.
[0182] First of all, a polymer transfer pipeline toward the transfer pump (14) in Fig. 1 was closed to feed the resin only
to the molding machines A to C (10 to 12) for continuous molding of molded products over 5 hours. Molding cycles of
the molding machine A (10) and the molding machine B (11), in particular, timing of each weighing step were not adjusted
in any way and thus molding by the molding machine A (10) and the molding machine B (11) was executed independently.
The molding machine C (12) was also operated under constant conditions without adjustment from initial set values.
[0183] Yield, shape and quality of the molded products produced by the molding machines A to C (10 to 12) were
evaluated every one hour and confirmed that the molded products with stable quality could be obtained over 5 hours.
Results are shown in Table 1.

Example 2

[0184] Polymerization and molding were carried out under the same conditions as in Example 1, except that the output
pressure during molding was controlled so as to be maintained at 5 MPa (absolute pressure) by a system (15) for output
pressure detection and output control of the discharge pump. Results are shown in Table 2.

Example 3

[0185] Polymerization and molding were carried out under the same conditions as in Example 1, except that the output
pressure during molding was controlled so as to be maintained at 2 MPa (absolute pressure) by a system (15) for output
pressure detection and output control of the discharge pump. Results are shown in Table 3.

Example 4

[0186] Polymerization and molding were carried out under the same conditions as in Example 1 and the polymer
transfer pipeline toward the transfer pump (14) in Fig. 1 was opened and the amount of polymer accumulated at the
bottom of the polymerization reactor was detected by the level detector installed at the bottom of the polymerization
reactor (17). Residence time at the bottom of the polymerization reactor was controlled so as to be maintained at 2
minutes by a system (16) for level detection and output control of the transfer pump and the transfer pump (14) whose
output was controlled by the system. A polymer discharged from the transfer pump (14) was pelletized by the pelletizer
(13). By the above results, variation of residence time at the bottom of the polymerization reactor (17) during molding
was always controlled within = 20%.

[0187] A resin was thus fed to the molding machines A to C (10 to 12) and the pelletizer (13) for continuous molding
of the molded products over 5 hours. After 1 hour, envisioning accident of a molding machine, the molding machine B
(11) was stopped and molding was continued only by the molding machines A, C (10, 12) and the pelletizer (13).
[0188] Yield, shape and quality of the molded products produced by each molding machine were evaluated every one
hour and confirmed that the molded products with stable quality could be obtained over 5 hours, in particular, even after
stopping the molding machine B (11) after 1 hour, by using other e molding machines. Results are shown in Table 4.

Comparative Example 1
[0189] Polymerization and molding were carried out under the same conditions as in Example 1. However, control of
the discharge pump by a system (15) for output pressure detection and output control for the discharge pump was not

carried out and the output amount was kept at 12.6 kg/h. This resulted in always large variation of the output pressure
during molding in the range of 0 to 220 MPa (absolute pressure).
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[0190] Aresin was thus fed only to the molding machines A to C (10 to 12) for continuous molding of molded products
over 5 hours.

[0191] Yield, shape and quality of the molded products produced by each molding machine were evaluated every one
hour and found low quality of each molded product and the variation was also large. Results are shown in Table 5.

Comparative Example 2

[0192] Polymerization and molding were carried out under the same conditions as in Example 1, except that the output
pressure during molding was controlled so as to be maintained at 0.05 MPa (absolute pressure) by a system (15) for
output pressure detection and output control of the discharge pump. However, in this case, feed of a molten resin could
not be completed within weighing period of the molding machine and continuation of molding was impossible.

Example 5

[0193] Using apparatus shown in Fig. 3, the prepolymer of PET with limiting viscosity [n] of 0.46 dl/g, amount of
carboxyl groups at the polymer terminal of 32 meqg/kg and crystal melting point of 256°C was fed at the amount of 12.6
kg/hr into the polymerization reactor (17) through the prepolymer feeding port (2) by the transfer pump (1), discharged
at the rate of 15 g/minutes per each hole of the porous plate (3) in molten state at 265°C, then polymerized under reduced
pressure of 65 Pa while dropping along the supporting substrate at the same ambient temperature in discharging, drawn
out from the polymerization reactor (17) by the discharging pump (8) and subjected to preform molding to blow molding
successively at molding temperature of 280°C using a biaxially stretching blow molding machine (SBIII-100H-15 from
Aoki Technical Laboratory, Inc.) as the molding machine A (10).

[0194] Dumbbell pieces were molded at molding temperature of 280°C using an injection molding machine (MJEC-
10 from MODERN MACHINERY CO., LTD.) as the molding machine B (11).

[0195] The pelletizer, instead of a molding machine, was installed as the molding machine C (12). Furthermore, a
pipeline was installed to return a polymer from midpoint of a pipeline connecting the discharge pump (8) and the transfer
pump (14), to the bottom of the polymerization reactor (17). To this pipeline to return a polymer was installed a system
for output pressure detection and opening degree control of a polymer return valve, to control flow amount.

[0196] Output amount of the discharge pump (8) at the bottom of the polymerization reactor was kept at 20.0 kg/h.
Also, by detecting pressure at downstream of the discharge pump (8) so as to be maintained at 20 MPa (absolute
pressure) during molding, opening degree of a polymer return valve, installed at a pipeline to return a polymer, was
controlled by a system for output pressure detection and opening degree control of a. polymer return valve (18). By the
above results, variation of the output pressure during molding was always controlled within = 20%.

[0197] The porous plate with thickness of 50 mm and 14 holes with diameter of 1 mm, each 7 holes with 10 mm space
being linearly aligned on each of 2 aligned lines in parallel with distance of 70 mm was used. The supporting substrate
vertically attached with wires having diameter of 2 mm and length of 8 m at the vicinity of each hole was used wherein
said wires were orthogonally installed with other wires having diameter of 2 mm and length of 100 mm in 100 mm space
to make lattice-like. As material of the supporting substrate, stainless steal was used.

[0198] As the prepolymer, such one was used as produced by the addition of 0.04% by weight of diantimony trioxide
and trimethyl phosphate of 100 ppm as weight ratio of phosphorous element. Residence time in the polymerization
reactor was 70 minutes. Residence time determined by the amount of a polymer inside the polymerization reactor (17)
divided by the feed amount was used. There caused little fierce foaming of the prepolymer discharged from the porous
plate during polymerization, resulting in very small contamination at the nozzle surface or wall surface. Inclusion of much
quantity of foam by a dropping resin and behavior of resin rolling down along the supporting substrate in circular foam
were observed.

[0199] First of all, the transfer pump (14) in Fig. 3 was closed to feed the resin to only the molding machines A to C
(10 to 12) for continuous molding of molded products over 5 hours. Molding cycles of the molding machine A (10) and
the molding machine B (11), in particular, timing of each weighing step were not adjusted in any way and thus molding
by the molding machine A (10) and the molding machine B (11) was executed independently. The molding machine C
(12) was also operated under constant conditions without adjustment from initial values.

[0200] Yield, shape and quality of the molded products produced by each molding machine were evaluated every one
hour and confirmed that the molded products with stable quality could be obtained over 5 hours. Results are shown in
Table 6.

Example 6

[0201] Polymerization and molding were carried out under the same conditions as in Example 5. In this case, the
amount of a polymer accumulated at the bottom of the polymerization reactor (17) was detected by the level detector
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installed at the bottom of the polymerization reactor (17). The residence time at the bottom of the polymerization reactor
(17)was controlled so as to be maintained at 2 minutes by a system (16) for level detection and output control of the
transfer pump and, by the transfer pump (14) whose output was controlled by the system. A polymer discharged from
the transfer pump (14) was pelletized by the pelletizer (13). By the above results, variation of residence time at the
bottom of the polymerization reactor during molding was always controlled within + 20%.

[0202] A resin was thus fed to the molding machines A to C (10 to 12) and the pelletizer (13) for continuous production
of the molded products over 5 hours. In this case, after 1 hour, envisioning accident of a molding machine, the molding
machine B (11) was stopped and molding was continued only by the molding machines A, C (10, 12) and the pelletizer (13).
[0203] Yield, shape and quality of the molded products produced by each molding machine were evaluated every one
hour and confirmed that the molded products with stable quality could be obtained over 5 hours, in particular, even after
stopping the molding machine B (11) after 1 hour, by using other molding machines. Results are shown in Table 7.

Comparative Example 3

[0204] Polymerization and molding were carried out under the same conditions as in Example 5. However, output
amount of the discharge pump (8) was kept at 12.6 kg/h and a polymer transfer pipeline toward the transfer pump (14)
in Fig. 1 was closed to feed the resin only to the molding machines A to C (10 to 12). This resulted in always large
variation of the output pressure during molding in the range of 0 to 220 MPa (absolute pressure).

[0205] Thus the molded products were continuously produced over 5 hours. Yield, shape and quality of the molded
products produced by each molding machine were evaluated every one hour and found low quality of each molded
product and the variation was also large. Results are shown in Table 8.

Example 7

[0206] Using apparatus shown in Fig. 5, the prepolymer of PET with limiting viscosity [n] of 0.48 dl/g, amount of
carboxyl groups at the polymer terminal of 32 meqg/kg and crystal melting point of 256°C was fed in the polymerization
reactor (17) through the prepolymer feeding port (2) by the transfer pump (1), discharged at the rate of 15 g/minutes per
each hole of the porous plate (3) in molten state at 265°C, then polymerized under reduced pressure of 65 Pa while
dropping along the supporting substrate at the same ambient temperature in discharging, drawn out from the polymer-
ization reactor (17) by three discharging pumps (8) installed at the bottom of the polymerization reactor and subjected
to preform molding to blow molding successively at molding temperature of 280°C using a biaxially stretching blow
molding machine (SBIII-100H-15 from Aoki Technical Laboratory, Inc.) as the molding machine A (10).

[0207] During stopping the molding machine A (10), a resin was arranged to be fed to the pelletizer (13) by the switching
valve (19). Dumbbell pieces were molded at molding temperature of 280°C using an injection molding machine (MJEC-
10 from MODERN MACHINERY CO., LTD) as the molding machine B (11). During the stop of the molding machine B
(11), a resin was arranged to be fed to the pelletizer (13) by the switching valve (19). The molding machine C (12) was
not connected. Pellets were produced by installing only the pelletizer (13).

[0208] The porous plate (3) with thickness of 50 mm and 14 holes with diameter of 1 mm, each 7 holes with 10 mm
space being linearly aligned on each of 2 aligned lines in parallel with distance of 70 mm was used. The supporting
substrate (5) vertically attached thereonwith wires having diameter of 2 mm and length of 8 m at the vicinity of each hole
was used, wherein said wires were orthogonally installed with other wires having diameter of 2 mm and length of 100
mmin 100 mm space to make lattice-like. As material of the supporting substrate’, stainless steal was used. The discharge
pump was operated so that a polymer was little accumulated at the bottom of the polymerization reactor (17) by monitoring
through the inspection window (4).

[0209] As the prepolymer, such one was used as produced by the addition of 0.04% by weight of diantimony trioxide
and trimethyl phosphate of 100 ppm as weigh ratio of phosphorous element. Residence time in the polymerization reactor
was 70 minutes.

Residence time determined by the amount of a polymer inside the polymerization reactor divided by the feed amount
was used. There caused little fierce foaming of the prepolymer discharged from the porous plate(3) during polymerization,
resulting incontamination at the nozzle surface or wall surface. Inclusion of much quantity of foam by a dropping resin
and behavior of resin rolling down along the supporting substrate in circular foam were observed.

[0210] First of all, by an switching valve, a resin was fed to the molding machine A (10), the molding machine B (11)
and the pelletizer (13) and by adjustment of the output amount of the discharge pump at each 5.0 kg/h, 4.5 kg/h and 3.1
kg/h, the molded products and pellets were continuously produced over 5 hours. Yield, shape and quality of the molded
products produced by each molding machine were evaluated every one hour. In accordance with the present invention,
high quality molded products and pellets, having high degree of polymerization, good hue and low content of acetaldehyde
could be produced. Results are shown in Table 9.
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Comparative Example 4

[0211] Using apparatus shown in Fig. 7, polymerization was carried out similarly as in Example 7. A polymer was
drawn out from the polymerization reactor (17) by one discharge pump (8) installed at the bottom of the polymerization
reactor (17) and distributed by the distributor (20). A biaxially stretching blow molding machine (SBIII-100H-15 from Aoki
Technical Laboratory, Inc.) as the molding machine A (10), an injection molding machine (MJEC-10 from MODERN
MACHINERY CO., LTD) as the molding machine B (11) and the pelletizer (13) were connected by a pipeline with the
same shape, and inner volume to be able to simultaneously mold the molded products.

[0212] Then by adjustment of the output amount of the discharge pump (8) at 12.6 kg/h, the molded products were
continuously produced over 5 hours. Yield, shape and quality of each of molded products were evaluated every one
hour. By a method for distribution of a resin by such a distributor, quality and weight of the molded products were varied
in time course, which lowered product value of the molded products. Results are shown in Table 10.

Comparative Example 5

[0213] Using apparatus shown in Fig. 8, the prepolymer of PET with limiting viscosity [n] of 0.48 dl/g, amount of
carboxyl groups at the polymer terminal of 32 meqg/kg and crystal melting point of 256°C was fed into the stirring tank
type polymerization reactor (21) through the prepolymer feeding port (2) by the transfer pump (1), polymerized under
the conditions of polymerization temperature at 285°C, reduced pressure of 50 Pa, residence time of 60 minutes and
polymerization rate of 12.6 kg/h, drawn out from the polymerization reactor (17) by three discharging pumps (8) installed
at the bottom of the polymerization reactor (21) and subjected to simultaneously producing the molded products and
pellets using a biaxially stretching blow molding machine (SBIII-100H-15 from Aoki Technical Laboratory, Inc.) as the
molding machine A (10), an injection molding machine (MJEC-10 from MODERN MACHINERY CO., LTD) as the molding
machine B (11) and the pelletizer (12) and adjusting the output amount of the output pumps at 5.0 kg/h, 4.5 kg/h and
3.1 kg/h.

[0214] The molded products and pellets were continuously produced over 5 hours. Yield, shape and quality of the
molded products were evaluated every one hour. When such a conventional stirring tank type polymerization reactor is
used, quality such as degree of polymerization, hue and content of acetaldehyde was insufficient and these quality and
weight of the molded products largely varied in time course. Thus, the product value of such molded products is low.
Results are shown in Table 11.

Example 8

[0215] Using apparatus shown in Fig. 9 and using high purity terephthalic acid and EG as raw material, PET was
polymerized at 10.0 kg/h in average by a continuous polymerization method. Using a vertical type stirring polymerization
reactor having paddle-like stirring blades, as the estrification reactor (P1) and the first and the second stirring tank type
the polymerization reactor (P5, P9), polymerization was carried out under reduced pressure while dropping the prepolymer
along the supporting substrate protruded from holes of the porous plate (3) in the final polymerization reactor (17).
[0216] Polymerization was carried out by continuously charging of a slurry-like mixture of terephthalic acid and EG in
molar ratio of 1: 1.2, into the estirification reactor under the conditions shown in Table 12. In this case, 0.04% by weight
of diantimony trioxide and trimethyl phosphate of 20 ppm as weigh ratio of phosphorous element were added to the
prepolymer obtained in the first stirring type polymerization reactor. Diantimony trioxide and trimethyl phosphate were
added each as a 2% by weight EG solution. Polymerization results are shown in Table 12. The prepolymer fed into the
final polymerization reactor had limiting viscosity [n] of 0.47 dl/g and crystal melting point of 255°C.

[0217] Said prepolymer was fed into the polymerization reactor (17) through the prepolymer feeding port (2) by the
transfer pump (1), discharged at the rate of 10 g/minutes per each hole of the porous plate (3) in molten state at 260°C,
then polymerized under reduced pressure of 65 Pa while dropping along the supporting substrate (5) at the same ambient
temperature in discharging, drawn out by discharging pumps (8) and then via transfer pipeline and the distributor (9)
subjected to preform molding to blow molding successively at molding temperature of 280°C using a biaxially stretching
blow molding machine (SBIII-100H-15 from Aoki Technical Laboratory, Inc.) as the molding machine A (10). Dumbbell
pieces were molded using an injection molding machine (MJEC-10 from MODERN MACHINERY CO., LTD.) as the
molding machine B (11). Continuous molding was carried out using only the molding machine A (10) and the molding
machine B (11) without connecting to an injection molding machine C (12). Output of the discharge pump at the bottom
of the polymerization reactor (17) was controlled so as to be maintained at 20 MPa (absolute pressure) during molding,
by detecting the output pressure at the downstream of the discharge pump and by a system (15) for output pressure
detection and output control of the discharge pump. By the above results, variation of the output pressure during molding
was always controlled within = 20%. In addition, by installing the polymer return pipeline (23) for connecting the distributor
(9) and the first stirring tank type polymerization reactor (P5), an excess PET resin polymerized over treatment amount
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by the molding machine was re-circulated by the transfer pump (14).

[0218] The porous plate with thickness of 50 mm and 14 holes having diameter of 1 mm, each 7 holes with 10 mm
space being linearly aligned on each of 2 aligned lines in parallel with distance of 70 mm was used. The supporting
substrate (5) vertically attached thereon with wires having diameter of 2 mm and length of 8 m each at the vicinity of
each hole was used, wherein’ said wires were orthogonally installed with other wires having diameter of 2 mm and length
of 100 mm in 100 mm space to make lattice-like. As material of the supporting substrate, stainless steal was used.
[0219] The discharge pump was operated so that a polymer was little accumulated at the bottom of the polymerization
reactor by monitoring through the inspection window. Residence time in the polymerization reactor in this case was 65
minutes. Residence time determined by the amount of a polymer inside the polymerization reactor (17) divided by the
feed amount was used. There caused little fierce foaming of a prepolymer discharged from the porous plate in the
polymerization reactor (17), resulting in very small contamination at the nozzle surface or wall surface. Inclusion of much
quantity of foam by a dropping resin and behavior of resin rolling down along the supporting substrate in circular foam
were observed.

[0220] First of all, PET was stably and continuously polymerized at 10.0 kg/h under the above-described conditions,
then subjected to continuous molding at 5 kg/h by an injection molding machine A and at 4.5 kg/h by an injection molding
machine B. At the same time, an excess polymer of 0.5 kg/h was re-circulated to the first stirring tank type polymerization
reactor (P5) by the polymer returning pipeline and also the amount of raw material continuous charged into the esteri-
fication reactor was reduced to 95% of the level at the initial reaction start stage. After setting such state (named start
up state), polymerization and injection molding was carried out continuously over 24 hours. During this period, quality
of the molded products produced by each molding machine was evaluated every one hour and found that each of molded
products with stable quality could be obtained over 24 hours. Results are shown in Table 13.

Example 9

[0221] After setting start up state to conditions as in Example 8, by envisioning accident of a molding machine, the
injection molding machine B was stopped and an excess polymer of 5.0 kg/h was re-circulated to the first stirring tank
type polymerization reactor (P5) by the polymer returning pipeline and also the amount of raw material continuously
charged into the esterification reactor was reduced to 50% of the level at the initial reaction start stage. After setting
such state, polymerization and injection molding was carried out continuously over 24 hours using only the injection
molding machine A. During this period, quality of the molded product produced was evaluated every one hour and found
that each of the molded products with stable quality could be obtained over 24 hours. Results are shown in Table 14.
[0222]

[Table 1]
Table 1) Example 1: Variation of a molded product during 5 hours (discharge pressure of 20 MPa)
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (di/g) (9 (L value, b (ppm)
value)
Molded 24.60= 99.6+0.1
product A Hollow product | 5.0=0.0 0.76+0.0 0.05 0.17+0.1 11.4+05
Molded 78.00+ 99.4+0.1
product B Dumbbell 9.5+0.0 0.76+0.0 0.05 0.18-0.1 14.1-0.6
Pellet C Pellet 3.1+0.0 0.77+0.0 0050 99.8+0.1 3.6=0.3
S T 0.003 0.15+0.1 T
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[Table 2]
Table 2) Example 2: Variation of a molded product during 5 hours (discharge pressure of 5 MPa)
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (dl/g) (9 (L value, b (ppm)
value)
Molded Hollow product | 5.0+0.0 0.76+0.0 24.60+ 99.6+0.1 11.4+0.5
product A 0.11 0.18=0.1
Molded Dumbbell 4.5+0.0 0.76+0.0 78.00* 99.4+0.1 14.1+0.6
product B 0.09 0.18x0.2
Pellet C Pellet 3.1+0.1 0.77+0.1 0.050=* 99.8+0.1 3.9+0.6
ete 0.014 0.16+0.1
[Table 3]
Table 3) Example 3: Variation of a molded product during 5 hours (discharge pressure of 2 MPa)
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (dl/g) (9) (L value, b (ppm)
value)
Molded 24.60+ 99.6+0.2
product A Hollow product | 5.0+0.0 0.76+0.0 0.23 0.19+0.2 11.8+1.5
Molded 77.99+ 99.4+0.2
product B Dumbbell 4.5+0.1 0.76+0.1 014 0.19+0.3 14.5+1.9
Pellet C Pellet 3.1+0.1 0.77+0.1 0.051= 99.8-0.1 42+1.5
ere ere e 1= 0.022 0.160.2 et
[Table 4]
Table 4) Example 4: Variation of a molded product before and after stop of the molding machine B
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (dl/g) (9) (L value, bvalue) (ppm)
99.6,
Moldedproduct | g e B stops | 5.0 0.76 24.61 11.7
A 0.16
(Hollow 5.0+ N 2460+ 99.6+0.1 .
product) 4 hr after stop 00 0.76+0.0 0.05 0.17+0.1 11.4+0.5
99.7,
Before B stops 3.1 0.77 0.052 015 3.7
Pellet C :
4 hr after st 3.1% 0.77-0.0 0.050= 99.8+0.1 3.6+0.3
ranersiop 1 0.0 S 0.003 0.15+0.1 =T
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[Table 5]
Table 5) Comparative Example 1: Variation of a molded product during 5 hours (No adjustment of discharge pressure)
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (dl/g) (9 (L value, b (ppm)
value)
Molded 2452+ 98.6+0.3
product A Hollow product 5.0£0.2 0.76+0.2 0.90 029403 17.4+2.4
Molded 77.84+ 97.9+0.3
product B Dumbbell 4.5+0.2 0.76+0.2 0.20 0.31-0.4 20.1+£3.3
Pellet C Pellet 3.1x0.2 0.77+0.1 0.053= 97.8+0.4 7.6+3.2
e e A= A0=0 0.044 0.34+0.3 0=5.
[Table 6]
Table 6) Example 5: Variation of a molded product during 5 hours (discharge pressure of 20 MPa)
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (dl/g) (9) (L value, b (ppm)
value)
Molded 24.60=* 99.6+0.1
product A Hollow product | 5.0+=0.0 0.75+0.0 0.05 01720 1 10.5+0.5
Molded 78.00= 99.4+0.1
product B Dumbbell 4.5+0.0 0.75+0.0 0.05 01801 13.2+0.6
Pellet C Pellet 3.1+0.0 0.76x0.0 0.050: 99.80.1 3.5+0.3
© e o= 0.003 0.15+0.1 =0
[Table 7]
Table 7) Example 6: Variation of a molded product before and after stop of the molding machine B
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (dl/g) (9) (L value, bvalue) (ppm)
MO'ded/fmd“Ct Before B stops | 5.0 0.75 24.61 99.6, 0.16 10.4
(Hollow 5.0+ N 24.60+ 99.6+0.1 N
product) 4 hr after stop 00 0.75+0.0 0.05 01701 10.5+0.5
Before B stops 3.1 0.76 0.052 99.7, 0.15 3.4
Pellet C 4 hr after st 31+ 076200 0.050+ 99.8+0.1 4503
ratersiop | 00 =0 0.003 0.15+0.1 =0
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[Table 8]
Table 8) Comparative Example 3: Variation of a molded product during 5 hours
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(kg/h) (dig) (9 (L value, b (ppm)
value)
Molded product 2452+ 98.6+0.3
A Hollow product | 5.0+0.2 0.75+0.2 0.90 03003 16.4+2.2
Molded product 77.84+ 97.8+0.3
B Dumbbell 45+0.2 0.75+0.2 0.20 0.30+0.4 20.3+3.7
Pellet C Pellet 3.1+£0.2 0.76+0.1 0.053= 97.9:0.4 7.2+3.2
ere ere e o0 0.044 0.34+0.3 e
[Table 9]
Table 9) Example 7: Variation of a molded product during 5 hours
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(L value, b
(kg/h) (di/g) (9 value) (ppm)
Molded product . N 24.60+ 99.6+0.1 .
A Hollow product | 5.0=0.0 0.75*0.0 0.04 0.17+0 1 10.5+0.5
Molded product . N 78.00+ 99.4+0.1 .
B Dumbbell 45+0.0 0.75+0.0 0.04 0.18=0 1 13.2+0.6
Pellet C Pellet 3.1+0.0 0.76+0.0 0.050= 99.80.1 3.5+0.3
ere ere i o0 0.003 0.15+0.1 o=
[Table 10]
Table 10) Comparative Example 4: Variation of a molded product during 5 hours
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(L value, b
(kg/h) (diig) (9) value) (ppm)
Molded product N 24,50+ 98.6+0.2 N
A Hollow product | 5.0+0.2 0.75+0.2 10 027+0.3 13.4+3.2
Molded product N N 77.79+ 98.3+0.2 N
B Dumbbell 45+0.2 20.75*0.2 0.40 0.26+0.2 17.6+3.9
Pellet C Pellet 3.1+0.2 0.76+0.1 0053 98.4-0.2 6.2+3.8
ere ere =T S 0.048 0.21+0.3 e
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[Table 11]
Table 11) Comparative Example 5: Variation of a molded product during 5 hours
Shape Yield Limiting Weight Hue Acetaldehyde
viscosity content
(L value, b
(kg/h) (diig) (9 value) (ppm)
Molded product 24.59=+ 94.3+0.8
A Hollow product | 5.0+0.2 0.62+0.3 13 077406 56.4+7.2
Molded product 78.01+ 95.5+0.9
B Dumbbell 4.5+0.1 0.62+0.4 0.30 0.98+0.5 50.1+6.9
Pellet C Pellet 3.1+0.2 0.62+0.3 0.052: 94.71.0 48.1+£8.3
ete ere S o=t 0.010 0.82+0.5 e
[Table 12]
Table 12
Table 12), Example 8 Temp. (°C) | Residence time (min.) | Vacuum degree (Pa) | Limiting viscosity (dl/g)
Esterification reactor 260 180 normal -
Ist stirring tank type 280 80 20000 0.20
polymerization reactor
2nd stlr.rlng. tank type 285 60 100 0.47
polymerization reactor
[Table 13]
Table 13) Example 8: Variation of a molded product during 24 hours
o . . . Acetaldehyde
Shape Limiting viscosity Weight Hue content
(dl/g) (L value, b value) (ppm)
Start up state 0.75 24.61 99.6 10.4
0.16
Molded product "4 45 v after start |~ 0.75+0.0 24.60+0.05 99.6-0.1 10.5+0.5
A (Hollow
0.17+0.1
product)
13-24 hr after 0.75+0.0 24.60+0.05 99.6+0.1 10.5+0.5
start 0.17x0.1
Start up state 0.76 0.052 99.7, 3.4
0.15
Molded product 1-12 hr after start 0.76+0.0 0.050+0.003 99.8+0.1 3.5+0.3
B (dumbbell) 0.15+0.1
13-24 hr after 0.76+0.0 0.050+0.003 99.8+0.1 3.5+0.3
start 0.15x0.1
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[Table 14]
Table 14) Example 9: Variation of a molded product during 24 hours
o . . . Acetaldehyde
Shape Limiting viscosity Weight Hue content
(dl/g) (9) (L value, b value) (ppm)
99.6,
Start up state 0.75 24.61 0.16 104
Molded product 99.6+0.1,
A (Hollow 1-12 hr after start 0.75x0.0 24.60+0.05 10.5=0.5
0.17x0.1
product)
99.6+0.2,
13-24 hr after start 0.75+0.0 24.60+0.05 10.5+0.5
0.17+0.1

[Industrial Applicability]

[0223] The presentinvention provides a method for producing a high quality molded product in low cost by transferring
a resin continuously polymerized by a melt polycondensation reaction, in molten state as it is, which is easy to adjust
quality and feed amount of a molten resin fed in a molding machine and also easy to adjust them even in case of mutual
variation of "resin producing rate" and "resin molding rate and can produce a molded product with stable quality and
weight in time course.

[Brief description of the Drawings]
[0224]

[Fig. 1] A schematic drawing showing an example of the polymerization reactor and molding apparatus used in the
present invention.

[Fig. 2] A schematic drawing showing inert gas absorption apparatus, the polymerization reactor and molding ap-
paratus used in the present invention.

[Fig. 3] A schematic drawing showing an example of the polymerization reactor and molding apparatus used in the
present invention.

[Fig. 4] A schematic drawing showing inert gas absorption apparatus, the polymerization reactor and molding ap-
paratus used in the present invention

[Fig. 5] A schematic drawing showing an example of the polymerization reactor and molding apparatus used in the
present invention.

[Fig. 6] A schematic drawing showing inert gas absorption apparatus, the polymerization reactor and molding ap-
paratus used in the present invention.

[Fig. 7] A schematic drawing showing an example of polymerization and molding apparatus used in Comparative
Example.

[Fig. 8] A schematic drawing showing an example of polymerization and molding apparatus used in Comparative
Example.

[Fig. 9] A schematic drawing showing an example of the polymerization reactor and molding apparatus used in the
present invention.

[Fig. 10] A schematic drawing showing an example of the polymerization reactor and molding apparatus used in
the present invention.

[Fig. 11] A schematic drawing showing an example of the polymerization reactor and molding apparatus used in
the present invention.

Claims
1. A method for producing a molded product consisting of a resin polymerized by a melt polycondensation reaction,
comprising continuous feeding of a prepolymer in molten state from a prepolymer feeding port to a polymerization

reactor, discharging from a holes of a porous plate, followed by polymerization while dropping along a supporting
substrate under reduced pressure, and molding by transferring to at least one molding machine in molten state

32



10

15

20

25

30

35

40

45

50

55

10.

1.

12,

13.

EP 1 829 912 A1

without solidification, wherein transfer pressure to said molding machine is controlled so as to maintain at an arbitrary
pressure from 0.1 to 160 MPa (absolute pressure).

A method for producing according to claim 1, wherein the transfer pressure to the molding machine is controlled so
as to maintain at an arbitrary pressure from 0.1 to 100 MPa (absolute pressure) by controlling the output amount of
a discharging pump of said polymerization reactor.

A method for producing according to claim 1, wherein the transfer pressure to the molding machine is controlled so
as to maintain at an arbitrary pressure from 0.1 to 100 MPa (absolute pressure) by means of (1) controlling the output
amount of the discharge pump of said polymerization reactor to be 1.0 to 100 times feed amount of the prepolymer
and by means of (Il) returning a resin discharged from the discharge pump to the bottom of said polymerization
reactor, consisting of a pipeline connected to the down stream side of the discharge pump of said polymerization
reactor and the bottom of said polymerization reactor and a system for output pressure detection and opening degree
control of a polymer return valve or a back pressure valve installed at said pipeline.

A method for producing according to any one of claims 1 to 3, wherein a polymer is transferred to a pelletizer and/or
a discharge nozzle so that polymer melt residence time at the bottom is controlled from 0.1 to 120 minutes by
installing a transfer pump connected to the pelletizer and/or the discharge nozzle in addition to a molding machine
at the bottom of said polymerization reactor or after the discharge pump of said polymerization reactor.

A method for producing consisting of a resin polymerized by a melt polycondensation reaction, comprising continuous
feeding of the prepolymer in molten state from the prepolymer feeding port to the polymerization reactor, discharging
from the holes of the porous plate, polymerization while dropping along the supporting substrate under reduced
pressure, discharging said resin from at least two discharge pumps of said polymerization reactor, followed by
molding by transferring to at least two molding machines and/or pelletizers in molten state without solidification.

A method for producing according to claim 5, wherein at least one molding machine and/or pelletizer are connected
to each of the discharge pumps of said polymerization reactor.

A method for producing according to any one of claims 1 to 6, wherein at least a part of a polycondensation polymer
produced by said melt polycondensation reaction in the amount over the amount to be used in molding or pelletizing
is returned for re-circulation to an arbitrary step among production steps for said polycondensation polymer.

A method for producing a molded product according to any one of claims 1 to 7, wherein said prepolymer is reacted
with a molecular weight regulator of an arbitrary amount in an arbitrary step before feeding to said polymerization
reactor.

A method for producing a molded product according to any one of claims 1 to 8, wherein said molded product is at
least one kind selected from preform for bottle molding, films, sheets, containers and fibers.

A method for producing according to any one of claims 1 to 9, wherein a resin polymerized by said melt polyconden-
sation reaction is a polyester resin.

Apparatus for producing a molded product consisting of a resin polymerized by a melt polycondensation reaction,
comprising continuous feeding of the prepolymer in molten state from the prepolymer feeding port to the polymer-
ization reactor, discharging from the holes of the porous plate, followed by polymerization while dropping along the
supporting substrate under reduced pressure, and molding by transferring to at least one molding machine in molten
state without solidification, wherein the transfer pressure to said molding machine is controlled so as to maintain at
a pressure from 0.1 to 100 MPa (absolute pressure).

Apparatus according to claim 11, wherein the transfer pressure to the molding machine is controlled so as to maintain
at a pressure from 0.1 to 100 MPa (absolute pressure) by controlling the output amount of the discharging pump of
said polymerization reactor.

Apparatus according to claim 11, wherein the transfer pressure to the molding machine is controlled so as to maintain
at a pressure from 0.1 to 100 MPa (absolute pressure) by means of (I) controlling the output amount of the discharge
pump of said polymerization reactor to be 1.0 to 100 times feed amount of the prepolymer and by means of (Il)
returning a resin discharged from the discharge pump to the bottom of said polymerization reactor, consisting of a
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pipeline connected to the down stream side of the discharge pump of said polymerization reactor and the bottom
of said polymerization reactor and the system for output pressure detection and opening degree control of a polymer
return valve or the back pressure valve installed at said pipeline.

14. Apparatus according to any one of claims 11 to 13, wherein a polymer is transferred to the pelletizer and/or the
discharge nozzle so that polymer melt residence time is controlled from 0.1 to 120 minutes by installing the transfer
pump connected to the pelletizer and/or the discharge nozzle in addition to the molding machine at the bottom of
said polymerization reactor or after the discharge pump of said polymerization reactor.

15. Apparatus for producing a molded product consisting of a resin polymerized by a melt polycondensation reaction,
wherein the prepolymer is continuously fed in molten state from the prepolymer feeding port to the polymerization
reactor, discharged from the holes of the porous plate, polymerized while being dropped along the supporting
substrate under reduced pressure, and the resin is discharged from at least two discharge pumps of said polymer-
ization reactor, subsequently molded by being transferred to at least two molding machines and/or pelletizers in
molten state without solidification.
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Fig. 4

N1

-

16

[
~ |
! 00 ...
A [\ " ~
— 1
!
)
!
1
1
|
. [
X n
'— /
\
\
\
\
A
1.
)
A
R i
> \
’
\\
\\
/
\\
<t
Z
p == == S e e
> L mw
[ ——x i
h '
H [
_, 2
]
/ . @]
| —t
i Z
i
o
Z
~
RS Z

14

13

12

11

10

38



Fig. 5

EP 1 829 912 A1

17

11

39

O 1
Ql
2
g
<
9
9 CO) s
Q0
19
12
10 13




EP 1 829 912 A1

Fig. 6
D\ N1
@
A > N2 2
\4 v P
N3 -------mm- > ’
— 7
N6 >
NS~ | 04
N7 -« |
4.
't on 'l \\\
‘ i | 17
N OO0 ! |
N10
9
Q0 D Q0) 8
11 19 -
12
10 13

40




EP 1 829 912 A1

Fig. 7

g

>
"~ 5
4~
| e
17
0) s
20
10 11 13

41




EP 1 829 912 A1

Fig. 8

QO

O

42



EP 1 829 912 A1

Fig. 9

P9

43



EP 1 829 912 A1

Fig. 10

2

)

44



EP 1 829 912 A1

Fig. 11

b e ot o s e e e e s s 0

\VAN B VARG

\I

17

13

12

11

10

45



EP 1 829 912 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2005/021897

A. CLASSIFICATION OF SUBJECT MATTER
€08G85/00(2006.01), B29B11/06(2006.01),
(2006.01)

B29C31/00(2006.01), C08G63/78

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C08G85/00, B29B11/06, B29C31/00,

Minimum documentation searched (classification system followed by classification symbols)

C08G63/78-63/87

Jitsuyo Shinan Kocho
Kokai Jitsuyo Shinan Koho

1922-1996

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Jitsuyo Shinan Toroku Koho
1971-2006 Toroku Jitsuyo Shinan Koho

1996-2006
1994-2006

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

(Family: none)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 8-231843 A (Asahi Chemical Industry Co., 1-15
Ltd.),
10 September, 1996 (10.09.96),
Claims; Par. Nos. [0051] to [0063], [0124] to
[0139], [0149] to [0152]; Figs. 3 to 4
(Family: none)
Y JP 8-231844 A (Asahi Chemical Industry Co., 1-15
Ltd.),
10 September, 1996 (10.09.96),
Claims; Par. Nos. [0051] to [0064], [0123] to
[0138], [0149] to [0151]; Figs. 3, 4

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E” earlier application or patent but published on or after the international filing
date

“L>  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the

priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search
06 February, 2006 (06.02.06)

Date of mailing of the international search report
14 February, 2006 (14.02.06)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (April 2005)

46




EP 1 829 912 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2005/021897

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y JP 8-231704 A (Asahi Chemical Industry Co., 1-15
Ltd.),

10 September, 1996 (10.09.96),

Claims; Par. Nos. [0057] to [0067], [0083] to
[0087]; Figs. 3 to 4

(Family: none)

Y JP 3-243316 A (Hitachi, Ltd.), 1-15
30 October, 1991 (30.10.91),

Claims; page 2, lower left column, line 2 to
page 3, upper left column, line 2

(Family: none)

A JP 2004-225008 A (Asahi Kasei Chemicals Corp.), 1-15
12 August, 2004 (12.08.04),

Claims; Par. Nos. [0021] to [0044], [0072] to
[0082]; Figs. 1 to 3

(Family: none)

A JP 2004-224895 A (Asahi Kasei Chemicals Corp.), 1-15
12 August, 2004 (12.08.04),

Claimg; Par. Nos. [0023] to [0054], [0065] to
[0080]; Figs. 1 to 3

(Family: none)

A WO 1999/065970 A (Asahi Chemical Industry Co., 1-15
Ltd.),

23 December, 1999 (23.12.99),

Claims; description; page 7, line 14 to page 34,
line 15; Fig. 1(a) to 2

& AU 9941669 A & EP 1095960 Al
& US 6265526 Bl & CN 1303404 A
& KR 2001071352 A & TW 459004 A

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

47



EP 1 829 912 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

JP 3345250 B [0011]
JP 11508836 A [0011]
JP 11511187 A [0011]
US 5656221 A [0011]
JP 2000506199 A [0011]
JP 2002514239 A [0011]
JP 2001516297 A [0011]
WO 9841559 A [0011]

JP 2001516389 A [0011]
JP 2001517164 A [0011]
JP 2000117819 A [0011]
WO 200424577 A [0011]
US 200529712 A [0011]
DE 10356298 A [0011]

JP 2005171081 A [0011]
JP 2005193379 A [0011]

Non-patent literature cited in the description

¢ Polymer Synthesis. Academic Press, Inc, 1992, vol. * Research Report by Reaction Engineering Research
1[0036] Association: Reactive Processing. 1992 [0135]
¢ Chemical Apparatus Design and Operation. Gas Ab- e Chemical Apparatus Handbook. 1989 [0136]

sorption. Chemical Industry Co., Ltd, 15 March 1981,
49-54 [0060]

48



	bibliography
	description
	claims
	drawings
	search report

